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(54) Surface acoustic wave filter, balanced type filter and communication device 

(57) (Problems) 



Fig. I 



There is a problem of degradation in balance char- 
acteristics with a longitudinal mode type surface acous- 
tic wave filter having unbalanced-balanced type termi- 
nals. 

(Constitution) 

A longitudinal mode type surface acoustic wave fil- 
ter comprising a first IDT electrode 102, second and 
third IDT electrodes 103 and 104, and first and second 
reflector electrodes 105 and 106 is formed on a piezo- 
electric substrate 1 01 . The upper electrode 1 02a of the 
first IDT electrode 1 02 is connected to one of balanced 
type terminals 1 07, and the lower electrode 1 02b of the 
first IDT electrode 102 is connected to the other bal- 
anced type terminal 1 08. Also, the lower electrode 1 03a 
of the second IDT electrode 1 03 is connected to an un- 
balanced type terminal 109, and the lower electrode 
1 03b is grounded. The lower electrode 1 04b of the third 
IDT electrode 1 04 is connected to the unbalanced type 
terminal 1 09, and the upper electrode 1 03a is grounded. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an surface 
acoustic wave filter, a balanced type filter and a com- 
munication device. 

Related Art of the Invention 

[0002] Electromechanical functional parts using sur- 
face acoustic waves (SAW), of which wave acoustic ve- 
locity is several kilometers per second and which have 
characteristics such that wave energy is concentrated 
on the surface of a propagation medium, have received 
attention with the general trend toward densification of 
hardware, and gone into actual use in delay lines for ra- 
dars and band-pass filters fortelevision image receptors 
in association with development of inter digital transduc- 
er electrodes (IDT electrodes) and progress in thin film 
formation technology and surface treatment technology, 
and are now widely used as RF and IF stage filters for 
transmit-receive circuits of communication apparatus- 

[0003] In recent years, balance characteristics of 
semiconductor parts such as IC has been promoted for 
the purpose of improving antinoise characteristics, and 
balance characteristics is also required in surface 
acoustic wave filters for use in the RF stage. Also, in 
recent years, it has been required that the surface 
acoustic wave filter should have unbalanced-balanced 
type terminals or balanced-balanced type terminals, 
due to IC placed in the pre-stage and post-stage of the 
surface acoustic wave filter, and the like. In addition, lon- 
gitudinal mode type surface acoustic wave filters have 
been widely used as filters of RF stage. For such surface 
acoustic wave filters, the balance characteristics is one 
of important parameters. 

[0004] (A) The conventional longitudinal mode type 
surface acoustic wave filter having an unbalanced-bal- 
anced type input/output terminal will be first described 
referring to FIGS 12 to 13. 

[0005] The configuration of the conventional longitu- 
dinal mode type surface acoustic wave filter having an 
unbalanced-balanced type input/output terminal is 
shown in Figure 12. In Figure 12, the surface acoustic 
wave filter comprises first, second and third IDT elec- 
trodes 1002, 1003 and 1004, and first and second re- 
flector electrodes 1 005 and 1 006 on a piezoelectric sub- 
strate 1 001 . The upper electrode finger of the first IDT 
electrode 1 002 is connected to one of balanced type ter- 
minals 1007, and the lower electrode finger of the first 
IDT electrode 1 002 is connected to the other balanced 
type terminal 1008. In addition, the electrode fingers of 
the IDT electrodes 1 003 and 1 004 located on the same 
side are connected to an unbalanced type terminal 



1009. and the electrode fingers on the other side are 
grounded. The above configuration makes it possible to 
obtain the surface acoustic wave filter having unbal- 
anced-balanced type terminals. 

5 [0006] As another example, the configuration of the 
longitudinal mode type surface acoustic wave filter hav- 
ing balanced-balanced type terminals is shown in Figure 
13. In Figure 13, the surface acoustic wave filter com- 
prises first, second and third IDT electrodes 1 002, 1 003 

10 and 1 004, and first and second reflector electrodes 1 005 
and 1006 on the piezoelectric substrate 1001. The up- 
per electrode finger of the first IDT electrode 1002 is 
connected to one of balanced type terminals 1 007, and 
the lower electrode finger of the first IDT electrode 1 002 

is is connected to the other balanced type terminal 1 008. 
In addition, the electrode fingers of the IDT electrodes 
1 003 and 1 004 located on the same side are connected 
to a balanced type terminal 1010, and the electrode fin- 
gers of the IDT electrodes 1003 and 1004 located on 

20 the other side are connected to a balanced type terminal 
1011 . The above configuration makes it possible to ob- 
tain the surface acoustic wave filter having balanced- 
balanced type terminals. 

[0007] (B) The conventional longitudinal mode type 
25 surface acoustic wave filter having unbalanced-bal- 
anced type input/output terminals will now be described 
referring to Figure 27. 

[0008] Figure 27 shows a schematic diagram of the 
conventional longitudinal mode type surface acoustic 
30 wave filter having unbalanced-balanced type input/out- 
put terminals, In Figure 27, the surface acoustic wave 
filter comprises a first-stage filter track 6 and a second- 
stage filter track 12 each placed on the piezoelectric 
substrate. 

35 [0009] The first-stage filter track 6 comprises first, 
second and third IDT electrodes 1 , 2 and 3, and first and 
second reflector electrodes 4 and 5. Also, the second- 
stage filter track 12 comprises fourth, fifth and sixth IDT 
electrodes 7, 8 and 9, and third and fourth reflector elec- 

40 trodes 1 0 and 1 1 . 

[0010] The second and third IDT electrodes 2 and 3 
are located on both sides of the first IDT electrode 1 , 
and on both side of this arrangement, the first and sec- 
ond reflector electrodes 4 and 5 are located. Also, the 

45 fifth and sixth IDT electrodes 8 and 9 are located on both 
sides of the fourth IDT electrode, and both sides of this 
arrangement, the third and fourth reflector electrodes 10 
and 11 are located. 

[0011] The first IDT electrode 1 is constituted by an 
so upper electrode 1a located on the side opposite to the 
second-stage filter track 12, and a lower electrode 1b 
located on the side of the second-stage filter track 12. 
[0012] The second IDT electrode 2 is constituted by 
an upper electrode 2a located on the side opposite to 
55 the second-stage filter track 12, and a lower electrode 
2b located on the side of the second-stage filter track 1 2 . 
[0013] The third IDT electrode 3 is constituted by an 
upper electrode 3a located on the side opposite to the 
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second-stage filter track 12, and a lower electrode 3b 
located on the side of the second-stage filter track 12. 
[0014] The fourth IDT electrode 7 is constituted by an 
upper electrode 7a located on the side of the first-stage 
filter track 6, and a lower electrode 7b located on the 
side opposite to the first-stage filter track 6. 
[0015] The fifth IDT electrode 8 is constituted by an 
upper electrode 8a located on the side of the first-stage 
filter track 6, and a lower electrode 8b located on the 
side opposite to the first-stage filter track 6. 
[0016] The sixth IDT electrode 9 is constituted by an 
upper electrode 9a located on the side of the first-stage 
filter track 6, and a lower electrode 9b located on the 
side opposite to the first-stage filter track 6. 
[0017] In this way, the IDT electrodes are each con- 
stituted by a pair of comb electrodes, namely upper and 
lower electrodes. 

[0018] Also, the upper electrode 1a of the first IDT 
electrode 1 is connected to an inputting unbalanced type 
terminal IN of the first-stage filtertrack 6 provided on the 
side opposite to the second-stage filtertrack 12, and the 
lower electrode 1 b of the first IDT electrode 1 is ground- 
ed. 

[001 9] The lower electrode 2b of the second I DT elec- 
trode 2 is connected to the upper electrode 8a of the fifth 
IDT electrode 8 by a leading electrode 32. The upper 
electrode 2a of the second IDT electrode 2 is grounded. 
[0020] The lower electrode 3b of the third IDT elec- 
trode 3 is connected to the upper electrode 9a of the 
sixth IDT electrode 9 by a leading electrode 33. The up- 
per electrode 3a of the third IDT electrode 3 is grounded. 
[0021] The upper electrode 7a of the fourth IDT elec- 
trode 7 is connected to a balanced type terminal OUT1 
provided on the side of the first-stage filter track 6, of a 
pair of outputting balanced type terminals, and the lower 
electrode 7b of the fourth IDT electrode 7 is connected 
to a balanced type terminal OUT2 provided on the side 
opposite to the first-stage filtertrack 6, of a pair of out- 
putting balanced type terminals. 
[0022] The lower electrode 8b of the fifth IDT elec- 
trode 8 and the lower electrode 9b of the sixth IDT elec- 
trode 9 are both grounded. 

[0023] Operations of this conventional surface acous- 
tic wave filter will now be described. 
[0024] By inputting a signal to the unbalanced type 
terminal IN, an surface acoustic wave is produced in the 
first IDT electrode 1 . Then, the surface acoustic wave is 
locked in by the first and second reflector electrodes 4 
and 5 to produce a plurality of resonance modes. By us- 
ing these resonance modes, filter characteristics can be 
obtained, and conversions into electrical signals are car- 
ried out in the second IDT electrode 2 and the third IDT 
electrode 3, respectively. 

[0025] The electrical signal converted in the second 
IDT electrode 2 is outputted to the upper electrode 8a 
of the fifth IDT electrode 8 through the leading electrode 
32. Also, the electrical signal converted in the third IDT 
electrode 3 is outputted to the upper electrode 9a of the 



sixth IDT electrode 9 through the leading electrode 33. 
At this time, by adjusting in advance the intervals be- 
tween the IDT electrodes of the surface acoustic wave 
filter and the way of connecting electrode fingers, the 

5 phase of the electrical signal inputted to the leading 
electrode 32 is made opposite to that of the electrical 
signal inputted to the leading electrode 33. 
[0026] The electrical signal inputted to the fifth IDT 
electrode 8 is converted into an surface acoustic wave 

10 in the fifth IDT electrode 8, and the electrical signal in- 
putted to the sixth IDT electrode 9 is converted into an 
surface acoustic wave in the sixth IDT electrode 9. Then , 
the surface acoustic waves converted in the fifth IDT 
electrode 8 and the sixth IDT electrode 9 are locked in 

'5 by the third and fourth reflector electrodes 10 and 11 to 
produce a plurality of resonance modes, respectively. 
By using these resonance modes, filter characteristics 
can be obtained, and the electrical signals are outputted 
from the balanced type terminals OUT1 and OUT2. 

20 [0027] (C) The conventional longitudinal mode type 
surface acoustic wave filter having a balanced type in- 
put/output terminal will now be described referring to 
Figure 40. 

[0028] The configuration of the conventional longitu- 

25 dinal mode type surface acoustic wave filter having a 
balanced type terminal is shown in Figure 40. In Figure 
40, the surface acoustic wave filter has a configuration 
similar to that of the aforementioned conventional sur- 
face acoustic wave filter (see Figure 1 2), and comprises 

30 first, second and third interdigital transducer electrodes 
4102, 4103 and 4104 (hereinafter referred to as IDT 
electrode), and first and second reflector electrodes 
41 05 and 41 06 on a piezoelectric substrate 41 01 . One 
electrode finger of the first IDT electrode 4102 is con- 

35 nected to one of balanced type terminals 41 07, and the 
other electrode finger of the first IDT electrode 4102 is 
connected to the other balanced type terminal 41 08. Al- 
so, the electrode fingers of the second and third IDT 
electrodes 41 03 and 41 04 located on one side are con- 

40 nected to an unbalanced type terminal 4109, and the 
electrode fingers located on the other side are ground- 
ed. The above configuration makes it possible to obtain 
the surface acoustic wave filter having unbalanced-bal- 
anced type terminals. 

45 [0029] However, the above described conventional 
surface acoustic wave filter has the following problems. 
[0030] (A) For the surface acoustic wave filter of Fig- 
ure 1 2, there exist nearthe leading electrode connecting 
the balanced type terminal 1007 to the first IDT elec- 

50 trade 1002 a wiring connecting the second IDT elec- 
trode 1003 to the unbalanced type terminal 1009, and 
a wiring connecting the third IDT electrode 1 004 to the 
unbalanced type terminal 1009. 
[0031] On the other hand, the leading electrode con- 

55 necting the balanced type terminal 1 008 to the first IDT 
electrode 1 002 is located at a greater distance from the 
wiring connecting the second IDT electrode 1 003 to the 
unbalanced type terminal 1009 and the leading elec- 
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trade connecting the third IDT electrode 1 004 to the un- 
balanced type terminal 1009, than leading electrode 
connecting the balanced type terminal 1 007 to the first 
IDT electrode 1002. 

[0032] Therefore, the leading electrode connecting 
the balanced type terminal 1007 to the first IDT elec- 
trode 1 002 has a larger parasitic component of high fre- 
quency existing between itself and the leading electrode 
connecting the unbalanced type terminal 1009 to the 
second IDT electrode 1003 and the third IDT electrode 
1004, than the leading electrode connecting the bal- 
anced type terminal 1 008 to thef irst IDT electrode 1 002. 
Thus, balance characteristics will be degraded. 
[0033] For the surface acoustic wave filter of Figure 
13, a leading electrode connecting the second IDT elec- 
trode 1003 to the balanced type terminal 1010 and a 
leading electrode connecting the third IDT electrode 
1 004 to the balanced type terminal 1010 exist near the 
leading electrode connecting the balanced type terminal 

1007 to the first IDT electrode 1002, and signals sub- 
stantially identical in phase are passed through these 
two leading electrodes. Therefore, the parasitic compo- 
nent of high frequency between the leading electrode 
connecting the balanced type terminal 1 007 to the first 
IDT electrode 1002 and the leading electrode from the 
second IDT electrode 1003 is substantially identical in 
phase to the parasitic component of high frequency be- 
tween the leading electrode connecting the balanced 
type terminal 1007 to the first IDT electrode 1002 and 
the leading electrode from the third IDT electrode 1004. 
[0034] Similarly, a leading electrode connecting the 
second IDT electrode 1003 to the balanced type termi- 
nal 1011 and a leading electrode connecting the third 
IDT electrode 1004 to the balanced type terminal 1011 
exist near the leading electrode connecting the bal- 
anced type terminal 1 008 to thef irst IDT electrode 1 002, 
and signals substantially identical in phase are passed 
through these two leading electrodes. Therefore, the 
parasitic component of high frequency between the 
leading electrode connecting the balanced type terminal 

1 008 to thef irst IDT electrode 1 002 and the leading elec- 
trode from the second IDT electrode 1003 is substan- 
tially identical in phase to the parasitic component of 
high frequency between the leading electrode connect- 
ing the balanced type terminal 1 008 to the first IDT elec- 
trode 1 002 and the leading electrode from the third IDT 
electrode 1004. 

[0035] Therefore, the signals outputted from the bal- 
anced type terminals 1007 and 1008 or the balanced 
type terminals 1010 and 1011 contain the above de- 
scribed parasitic components, and an unbalanced par- 
asitic component is generated in each of the balanced 
type terminals, thus compromising the characteristic of 
the surface acoustic wave filter. 
[0036] In this way, forthe conventional surface acous- 
tic wave filter (see Figures 1 2 and 1 3) , there are cases 
where leading electrodes from IDT electrodes and each 
IDT electrodes are spatially coupling to each other to 



degrade balance characteristics and compromise the 
characteristic of the surface acoustic wave filter. 
[0037] (B) Also, for the surface acoustic wave filter of 
Figure 27, a leading electrode 32 connecting the lower 

5 electrode 2b of the second IDT electrode 2 to the upper 
electrode 8a of the fifth IDT electrode 8, and a leading- 
electrode 33 connecting the lower electrode 3b of the 
third IDT electrode 3 to the upper electrode 9a of the 
sixth IDT electrode 9 exist near the leading electrode 

10 connecting the balanced type terminal OUT1 to the up- 
per electrode 7a of the fourth IDT electrode 7. On the 
other hand, neither leading electrode 32 nor leading 
electrode 33 exists near the leas wiring connecting the 
balanced type terminal OUT2 and the lower electrode 

15 7b of the fourth IDT electrode 7. 

[0038] In this way, the leading electrode connecting 
the balanced type terminal OUT1 to the upper electrode 
7a of the fourth IDT electrode 7 is located at a closer 
distance from the leading electrodes 32 and 33 than the 

20 leading electrode connecting the balanced type terminal 
OUT2 to the lower electrode 7b of the fourth IDT elec- 
trode 7. 

[0039] The inventor therefore believes that unbal- 
anced parasitic components exist in the leading elec- 
25 trade connecting the balanced type terminal OUT1 to 
the upper electrode 7a of the fourth IDT electrode 7 and 
the leading electrode connecting the balanced type ter- 
minal OUT2 to the lower electrode 7b of the IDT elec- 
trode 7, thus degrading the balance characteristics. 
30 [0040] In this way, forthe conventional surface acous- 
tic wave filter (see Figure 27), there are cases where 
leading electrodes from IDT electrodes and each IDT 
electrodes are spatially coupling to each other to make 
the parasitic component unbalanced, whereby the bal- 
35 ance characteristics is degraded and the characteristic 
of the surface acoustic wave filter is compromised. 
[0041 ] (C) Also , the su rface acoustic wave f i Iter of Fig- 
ure 40 suffers significant degradation in amplitude bal- 
ance characteristic and phase balance characteristic in 
40 the passband with the value of amplitude balance char- 
acteristic being -1,2 dB to +1.0 dB and the value of 
phase balance characteristic being -8° to +1 0° as shown 
in FIGS 41 A to 41 C. Furthermore, Figure 41 A shows the 
pass characteristic of the conventional 900 MHz band 
45 surface acoustic wave filter, Figure 41 B shows the am- 
plitude balance characteristic in the passband (from 925 
MHz to 960 MHz) of the conventional 900 MHz band 
surface acoustic wave filter, and Figure 41 C shows the 
phase balance characteristic in the passband of the con- 
so ventional 900 MHz band surface acoustic wave filter. 
[0042] Here, the amplitude balance characteristic 
means a difference between the signal amplitude be- 
tween one of the balanced type terminals 41 07 and the 
unbalanced type terminal 41 09 and the signal amplitude 
55 between the other balanced type terminal 41 08 and the 
unbalanced type terminal 41 09, and if this value equals 
0, the balance characteristic is never degraded. Also, 
the phase balance characteristic means a deviation 
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from 1 80° of a difference between the phase of a signal 
between one of the balanced type terminals 4107 and 
the unbalanced type terminal 4109 and the phase of a 
signal between the other balanced type terminal 4108 
andthe unbalanced type terminal 4109, and if this value 
equals 0, the balance characteristic is never degraded. 
[0043] In this way, the conventional surface acoustic 
wavef ilter (see Figure 40) suffers degradation of the bal- 
ance characteristic, one of important electric character- 
istics. Furthermore, detailed discussions have been 
rarely made regarding causes of this degradation. 

SUMMARY OF THE INVENTION 

[0044] The present invention has as its object provi- 
sion of an surface acoustic wave filter having better filter 
characteristics, a balanced type filter, and a communi- 
cation device in view of the above problems. 
[0045] The 1 st invention of the present invention is an 
surface acoustic wave filter comprising: 

at least first to third IDT electrodes arranged sub- 
stantially in the direction of propagation of surface 
acoustic waves, each constituted by a pair of op- 
posing comb electrodes placed on a piezoelectric 
substrate, 

wherein of said first to third IDT electrodes, (1) 
said first IDT electrode with the other IDT electrodes lo- 
cated on its both sides has one of its comb electrodes 
connected to one of first balanced type terminals, and 
the other comb electrode connected to the other of said 
first balanced type terminals, (2) said second IDT elec- 
trode of the other IDT electrodes has a signal inputted 
to or outputted from one of its comb electrodes through 
a leading electrode, and (3) said third IDT electrode of 
the other IDT electrodes has a signal inputted to or out- 
putted from, through a leading electrode, one of its comb 
electrodes located on the side opposite to the one comb 
electrode of said second IDT electrode. 
[0046] The 2nd invention of the present invention is 
the surface acoustic wave filter according to 1st inven- 
tion, comprising: 

a first reflector electrode located on the side of said 
second IDT electrode with respect to said first IDT 
electrode; and 

a second reflector electrode located on the side of 
saidthird IDT electrode with respectto said first IDT 
electrode, 

wherein said at least first to third IDT electrodes 
are placed between said first reflector electrode and 
said second reflector electrode, and 

said leading electrode for inputting a signal to or 
outputting a signal from the one comb electrode of said 
second IDT electrode and said leading electrode for in- 
putting a signal to or outputting a signal from the one 



comb electrode of said third IDT electrode are connect- 
ed to each other, and are connected to unbalanced type 
terminal. 

[0047] The 3rd invention of the present invention is 
5 the surface acoustic wave filter according to 2nd inven- 
tion, wherein the other comb electrode of said second 
IDT electrode is grounded, and 

the other comb electrode of said third IDT elec- 
trode is grounded. 
10 [0048] The 4th invention of the present invention is 
the surface acoustic wave filter according to 1st inven- 
tion, wherein said one comb electrode of said second 
IDT electrode is connected to one of second balanced 
type terminals, and 
'5 said one comb electrode of said third IDT elec- 

trode is connected to said one of said second balanced 
type terminals. 

[0049] The 5th invention of the present invention is 
the surface acoustic wave filter according to 3rd inven- 
20 tion wherein said first and second reflector electrodes 
are grounded, and 

the other electrode of said second IDT electrode 
is grounded by being connected to said first reflector 
electrode , and 
25 the other electrode of said third IDT electrode is 

grounded by being connected to said second reflector 
electrode. 

[0050] The 6th invention of the present invention is 
the surface acoustic wave filter according to 3rd inven- 
30 tion. wherein said first and second reflector electrodes 
are connected to said unbalanced type terminal, and 

the one electrode of said second IDT electrode is 
connected to said unbalanced type terminal by being 
connected to said first reflector electrode, and 
35 the one electrode of said third IDT electrode is 

connected to said unbalanced type terminal by being 
connected to said second reflector electrode. 
[0051] The 7th invention of the present invention is 
the surface acoustic wave filter according to 3rd inven- 
40 tion, wherein said first reflector electrode and/or said 
second reflector electrode have divided into at least two 
segmented reflector electrodes. 
[0052] The 8th invention of the present invention is 
the surface acoustic wave filter according to 7th inven- 
ts tion, wherein the segmented reflector electrode adja- 
cent to said second and/or third IDT electrode, of said 
at least two segmented reflector electrodes, is directly 
grounded or grounded through the other segmented re- 
flector electrode. 
so [0053] The 9th invention of the present invention is 
the surface acoustic wave filter according to 8th inven- 
tion, wherein (1 ) said first reflector electrode is divided, 
the other electrode of said second IDT electrode is 
grounded by being connected to the grounded segment- 
55 ed reflector electrode of said segmented reflector elec- 
trodes constituting said first reflector electrode, and 

(2) said second reflector electrode is divided, the 
other electrode of said third IDT electrode is grounded 
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by being connected to the grounded segmented reflec- 
tor electrode of said segmented reflector electrodes 
constituting said second reflector electrode. 
[0054] The 10th invention of the present invention is 
the surface acoustic wave filter according to 9th inven- 
tion, wherein (1) said first reflector electrode is divided, 
the one electrode of said second IDT electrode is con- 
nected to the non-grounded segmented reflector elec- 
trode of said segmented reflector electrodes constitut- 
ing said first reflector electrode, and said segmented re- 
flector electrode with the one electrode of the second 
IDT electrode connected thereto is connected to said 
unbalanced type terminal, and 

(2) said second reflector electrode is divided, the 
one electrode of said third IDT electrode is connected 
to the non-grounded segmented reflector electrode of 
said segmented reflector electrodes constituting said 
second reflector electrode, and said segmented reflec- 
tor electrode with the one electrode of the third I DT elec- 
trode connected thereto is connected to said unbal- 
anced type terminal. 

[0055] The 11th invention of the present invention is 
the surface acoustic wave filter according to 7th inven- 
tion, wherein (1) said first reflector electrode is divided 
into said at least two segmented reflector electrodes, at 
least two segmented reflector electrodes of the seg- 
mented reflector electrodes have mutually different 
pitches of electrode fingers, and 

(2) said second reflector electrode is divided into 
said at least two segmented reflector electrodes, at least 
two segmented reflector electrodes of the segmented 
reflector electrodes have mutually different pitches of 
electrode fingers. 

[0056] The 12th invention of the present invention is 
the surface acoustic wave filter according to 7th inven- 
tion, wherein (1) said first reflector electrode is divided 
into said at least two segmented reflector electrodes, at 
least two segmented reflector electrodes of the seg- 
mented reflector electrodes have mutually different met- 
allization ratios, and 

(2) said second reflector electrode is divided into 
said at least two segmented reflector electrodes, at least 
two segmented reflector electrodes of the segmented 
reflector electrodes have mutually different metallization 
ratios. 

[0057] The 13th invention of the present invention is 
the surface acoustic wave filter according to 7th inven- 
tion, wherein (1) said first reflector electrode is divided 
into said at least three segmented reflector electrodes, 
not all the intervals between two neighboring segment- 
ed reflector electrodes of said segmented reflector elec- 
trodes are equal, and 

(2) said second reflector electrode is divided into 
said at least three segmented reflector electrodes, not 
all the intervals between two neighboring segmented re- 
flector electrodes of said segmented reflector elec- 
trodes are equal. 

[0058] The 14th invention of the present invention is 



the surface acoustic wave filter according to 7th inven- 
tion, wherein said the segmented reflector electrodes is 
divided in the crossing direction to the direction in which 
said first to third IDT electrodes are arranged. 

5 [0059] The 15th invention of the present invention is 
the surface acoustic wave filter according to 14th inven- 
tion, wherein (1) said first reflector electrode is divided 
into said at least two segmented reflector electrodes, 
one electrode of said second IDTelectrode is connected 

10 to said segmented reflector electrode constituting said 
first reflector electrode, and said segmented reflector 
electrode with the one electrode of the second IDTelec- 
trode connected thereto is connected to said unbal- 
anced type terminal, and 

'5 (2) said second reflector electrode is divided into 

said at least two segmented reflector electrodes, one 
electrode of said third I DT electrode is connected to said 
segmented reflector electrode constituting said second 
reflector electrode, and said segmented reflector elec- 

20 trode with the one electrode of the third IDT electrode 
connected thereto is connected to said unbalanced type 
terminal. 

[0060] The 16th invention of the present invention is 
the surface acoustic wave filter according to 14th inven- 
ts tion, wherein (1) said first reflector electrode is divided 
intosaid at least two segmented reflector electrodes, the 
other electrode of said second IDT electrode is connect- 
ed to said segmented reflector electrode constituting 
said first reflector electrode, and said segmented ref lec- 

30 tor electrode with the one electrode of the second IDT 
electrode connected thereto is grounded, and 

(2) said second reflector electrode is divided into 
said at least two segmented reflector electrodes, the 
other electrode of said third IDT electrode is connected 

35 to said segmented reflector electrode constituting said 
second reflector electrode, and said segmented reflec- 
tor electrode with the one electrode of the third I DT elec- 
trode connected thereto is grounded. 
[0061] The 17th invention of the present invention is 

40 the surface acoustic wave filter according to 14th inven- 
tion, wherein (1) said first reflector electrode is divided 
into said at least two segmented reflector electrodes, the 
segmented reflector electrode adjacent to said second 
IDT electrode, of said segmented reflector electrodes 

45 constituting said first reflector electrode, is further divid- 
ed into two or more laterally segmented reflector elec- 
trodes in the direction orthogonal to the direction in 
which said firstto third IDT electrodes are arranged, and 
(2) said second reflector electrode is divided into 

so said at least two segmented reflector electrodes, the 
segmented reflectorelectrode adjacentto said third IDT 
electrode, of said segmented reflector electrodes con- 
stituting said second reflector electrode, is further divid- 
ed into two or more laterally segmented reflector elec- 

55 trades in the direction orthogonal to the direction in 
which said first to third IDT electrodes are arranged. 
[0062] The 18th invention of the present invention is 
the surface acoustic wave filter according to 17th inven- 
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tion, wherein (1) said first reflector electrode is divided 
into said at least two segmented reflector electrodes and 
the segmented reflector electrode adjacent to said sec- 
ond IDT electrode is further divided into said two or more 
lateral segmented reflector electrodes , some of the lat- 
eral segmented reflector electrodes are connected to 
said unbalanced type terminal, and 

(2) if said second reflector electrode is divided into 
said at least two segmented reflector electrodes, and 
the segmented reflector electrode adjacent to said third 
IDT electrode is further divided into said two or more 
lateral segmented reflector electrodes, some of the lat- 
eral segmented reflector electrodes are connected to 
said unbalanced type terminal. 
[0063] The 19th invention of the present invention is 
the surface acoustic wave filter according to 1 7th inven- 
tion, wherein (1) said first reflector electrode is divided 
into said at least two segmented reflector electrodes, 
and the segmented reflector electrode adjacent to said 
second IDT electrode is further divided into said two or 
more lateral segmented reflector electrodes, some of 
the lateral segmented reflector electrodes are ground- 
ed, and 

(2) said second reflector electrode is divided into 
said at least two segmented reflector electrodes and the 
segmented reflector electrode adjacent to said third IDT 
electrode is further divided into said two or more lateral 
segmented reflector electrodes, some of the lateral seg- 
mented reflector electrodes are grounded. 
[0064] The 20th invention of the present invention is 
the surface acoustic wave filter according to 3rd inven- 
tion, wherein one or more surface acoustic wave reso- 
nators are connected to said unbalances type terminal 
in series and/or in parallel. 

[0065] The 21st invention of the present invention is 
the surface acoustic wave filter according to 1st inven- 
tion, the surface acoustic wave filter having a function 
to convert the unbalanced type into the balanced type 
or convert the balanced type into the unbalanced type. 
[0066] The 22nd invention of the present invention is 
the surface acoustic wave filter according to 1st inven- 
tion, comprising: 

a first filter track having (1) a fourth IDT electrode 
with other IDT electrodes located on its both sides, 
(2) a fifth IDT electrode of the other IDT electrodes 
having a signal inputted to or outputted from one of 
its comb electrodes through a leading electrode, 
and (3) a sixth IDT electrode of the other IDT elec- 
trodes located on the side opposite to said fifth IDT 
electrode having a signal inputted to or outputted 
from one of its comb electrodes through a leading 
electrode, the fourth to sixth IDT electrodes being 
arranged in the direction of propagation of said sur- 
face acoustic wave, each constituted by a pair of 
opposing comb electrodes placed on said piezoe- 
lectric substrate; and 

a second filter track having said first IDT electrode, 



said second IDT electrode and said third IDT elec- 
trode, 

wherein said first filter track and said second filter 
5 track are connected to each other in cascade, 

said leading electrode for inputting a signal to or 
outputting a signal from the one comb electrode of said 
second IDT electrode and said leading electrode for in- 
putting a signal to or outputting a signal from the one 
10 comb electrode of said fifth IDTelectrodeareconnected 
to each other, and 

said leading electrode for inputting a signal to or 
outputting a signal from the one comb electrode of said 
third IDT electrode and said leading electrode for input- 
's ting a signal to or outputting a signal from the one comb 
electrode of said sixth IDT electrode are connected to 
each other. 

[0067] The 23rd invention of the present invention is 
the surface acoustic wave filter according to 22ndinven- 
20 tion, wherein the one comb electrode of said fifth IDT 
electrode is located on the side same as that of the one 
comb electrode of said sixth IDT electrode. 
[0068] The 24th invention of the present invention is 
the surface acoustic wave filter according to 22nd inven- 
ts tion, wherein the one comb electrode of said fifth IDT 
electrode is located on the side opposite to the one 
comb electrode of said sixth IDT electrode. 
[0069] The 25th invention of the present invention is 
the surface acoustic wave filter according to 22nd inven- 
30 tion, wherein the one comb electrode of said fourth IDT 
electrode is connected to an unbalanced type terminal. 
[0070] The 26th invention of the present invention is 
the surface acoustic wave filter according to 25th inven- 
tion, wherein the one comb electrode of said fourth IDT 
35 electrode is located opposite to said second filter track. 
[0071] The 27th invention of the present invention is 
the surface acoustic wave filter according to 22nd inven- 
tion, wherein the other comb electrode of said second 
IDT electrode is grounded, 
40 the other comb electrode of said third IDT elec- 

trode is grounded, 

the other comb electrode of said fifth IDT electrode 
is grounded, and 

the other comb electrode of said sixth IDT elec- 
ts trode is grounded. 

[0072] The 28th invention of the present invention is 
the surface acoustic wave filter according to 22nd inven- 
tion, wherein (1 ) the phase in which a signal is inputted 
to or outputted from the one comb electrode of said see- 
so ond IDT electrode is substantial opposite to (2) the 
phase in which a signal is inputted to or outputted from 
the one comb electrode of said third IDT electrode. 
[0073] The 29th invention of the present invention is 
the surface acoustic wave filter according to 22nd inven- 
55 tion, wherein (1 ) the reactance component of wiring for 
connecting the leading electrode for inputting a signal 
to or outputting a signal from the one comb electrode of 
said second IDT electrode to the leading electrode for 
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inputting a signal to or outputting a signal from the one 
comb electrode of said fifth IDT electrode is substantially 
equal to (2) the reactance component of wiring for con- 
necting the leading electrode for inputting a signal to or 
outputting a signal from the one comb electrode of said 5 
third IDT electrode to the leading electrode for inputting 
a signal to or outputting a signal from the one comb elec- 
trode of said sixth IDT electrode. 
[0074] The 30th invention of the present invention is 
the surface acoustic wavefilter according to 22nd inven- '0 
tion, wherein one comb electrode of said fourth IDT elec- 
trode is connected to one of second balanced type ter- 
minals, and 

the other comb electrode of said fourth IDT elec- 
trode is connected to the other of said second balanced '5 
type terminals. 

[0075] The 31st invention of the present invention is 
the surface acoustic wavefilter according to 22nd inven- 
tion, comprising: 

20 

a first reflector electrode located on the side of said 
second IDT electrode with respect to said first IDT 
electrode; 

a second reflector electrode located on the side of 
said third IDT electrode with respectto said first IDT 25 
electrode; 

a third reflector electrode located on the side of said 
fifth IDT electrode with respect to said fourth IDT 
electrode; and 

a fourth reflector electrode located on the side of 30 
said sixth IDT electrode with respect to said fourth 
IDT electrode, 

wherein said at least first to third IDT electrodes 
are placed between said first reflector electrode and 35 
said second reflector electrode, and 

said at least fourth to sixth IDT electrodes are 
placed between said third reflector electrode and said 
fourth reflector electrode. 

[0076] The 32nd invention of the present invention is 40 
the surface acoustic wavefilter according to 22nd inven- 
tion, wherein at least one of said first to sixth IDT elec- 
trodes is divided into a plurality of segmented IDT elec- 
trodes, 

all or part of the comb electrodes located on one 45 
side, of the comb electrodes of said plurality of segment- 
ed IDT electrodes, are electrically connected together, 
and 

all or part of the comb electrodes located on the 
other side, of the comb electrodes of said plurality of so 
segmented IDT electrodes, is electrically connected to- 
gether. 

[0077] The 33rd invention of the present invention is 
the surface acoustic wavefilter according to 32nd inven- 
tion, wherein at least one of said first to sixth IDT elec- ss 
trades is divided into two or three segmented IDT elec- 
trodes. 

[0078] The 34th invention of the present invention is 



the surface acoustic wavefilter according to 22nd inven- 
tion, wherein the central pitch of neighboring electrode 
fingers of a pair of said opposing comb electrodes has 
a value substantially in the range of from 0.9 x 1/2 to 
1.1 x 1/2 with respect to the central frequency X of the 
surface acoustic wave filter. 

[0079] The 35th invention of the present invention is 
an surface acoustic wave filter, comprising: 

a first IDT electrode constituted by a pair of oppos- 
ing comb electrodes placed on a piezoelectric sub- 
strate, with one of the comb electrodes connected 
to one of first balanced type terminals; and 
a second IDT electrode constituted by a pair of op- 
posing comb electrodes placed on said piezoelec- 
tric substrate, with one of the comb electrodes con- 
nected to one of second balanced type terminals or 
an unbalanced type terminal, 

wherein a reactance element is connected be- 
tween the one comb electrode of said first IDT electrode 
and the one comb electrode of said second IDT elec- 
trode. 

[0080] The 36th invention of the present invention is 
the surface acoustic wave filter according to 35th inven- 
tion, further comprising: 

a third IDT electrode constituted by a pair of oppos- 
ing comb electrodes placed on said piezoelectric 
substrate, with one of the comb electrodes connect- 
ed to said unbalanced type terminal, 

wherein said first to third IDT electrodes are ar- 
ranged substantially in the direction of propagation of 
the surface acoustic wave so that said second IDT elec- 
trode is located on the side opposite to said third IDT 
electrode with respect to said first IDT electrode, and 

the other comb electrode of said first IDT electrode 
is connected to the other of said first balanced type ter- 
minals. 

[0081] The 37th invention of the present invention is 
the surface accoustic wave filter according to 36th in- 
vention, 

wherein a reactance element is connected be- 
tween the one comb electrode of said first IDT electrode 
and the one comb electrode of said third IDT electrode. 
[0082] The 38th invention of the present invention is 
the surface acoustic wave filter according to 37th inven- 
tion, wherein the one comb electrode of said second IDT 
electrode is located on the side opposite to the one 
comb electrode of said third IDT electrode with respect 
to the first to third IDT electrodes arranged substantially 
in the direction of propagation of said surface acoustic 
wave. 

[0083] The 39th invention of the present invention is 
the surface acoustic wave filter according to 35th inven- 
tion, further comprising: 
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a third IDT electrode constituted by a pair of oppos- 
ing comb electrodes placed on said piezoelectric 
substrate, with one of the comb electrodes connect- 
ed to the other of said first balanced type terminals, 

wherein said first to third IDT electrodes are ar- 
ranged substantially in the direction of propagation of 
the surface acoustic wave so that said first IDT electrode 
is located on theside opposite to said third IDT electrode 
with respect to said second IDT electrode. 
[0084] The 40th invention of the present invention is 
the surface accoustic wave filter according to 39th in- 
vention, 

wherein a reactance element is connected be- 
tween the one comb electrode of said first IDT electrode 
and the one comb electrode of said third IDT electrode. 
[0085] The 41st invention of the present invention is 
the surface accoustic wave filter according to 35th in- 
vention, comprising (1) a first surface accoustic wave 
resonator, having said first IDT electrode, and two re- 
flector electrodes with said first IDT electrodes located 
therebetween, and (2)a second surface accoustic wave 
resonator, having said second IDT electrode, and two 
reflector electrodes with said second IDT electrodes lo- 
cated therebetween, 

wherein said first surface accoustic wave resona- 
tor and second surface accoustic wave resonator are 
connected in a ladder form. 

[0086] The 42nd invention of the present invention is 
the surface acoustic wave filter according to 35th inven- 
tion, wherein a parallel resonance circuit with the reso- 
nance frequency set in the pass band is formed by par- 
asitic components existing between said unbalanced 
type terminal and said balanced type terminal, and said 
reactance element. 

[0087] The 43rd invention of the present invention is 
the surface acoustic wave filter according to 35th inven- 
tion, wherein said reactance element is an inductance. 
[0088] The 44th invention of the present invention is 
the surface acoustic wave filter according to 35th inven- 
tion, wherein said piezoelectric substrate has an effec- 
tive relative dielectric constant of 40 or greater. 
[0089] The 45th invention of the present invention is 
the surface acoustic wave filter according to 35th inven- 
tion, wherein said piezoelectric substrate is made by us- 
ing lithium tantalate or lithium niobate. 
[0090] The 46th invention of the present invention is 
a balanced type filter comprising an unbalanced type 
terminal and a balanced type terminal, wherein at least 
one predetermined reactance element is connected be- 
tween said unbalanced type terminal and said at least 
one of balanced type terminals. 
[0091] The 47th invention of the present invention is 
the balanced type filter according to 46th invention, 
wherein a parallel resonance circuit with the resonance 
frequency set in the pass band is formed by parasitic 
components existing between said unbalanced type ter- 
minal and said balanced type terminal, and said reac- 



tance element. 

[0092] The 48th invention of the present invention is 
a communication device comprising: 

5 transmission/reception means of performing trans- 
mission and/or reception; and 
the surface acoustic wave filter according to 1st or 
35th inventions orthe balanced type filter according 
to 46th invention filtering a send signal to be used 

10 in said transmission and/or a receive signal to be 
used in said reception. 

[0093] The 49th invention of the present invention is 
the surface accoustic wave filter according to 35th in- 
15 vention, further comprising: 

a third IDT electrode constituted by a pair of oppos- 
ing comb electrodes placed on said piezoelectric 
substrate, with one of the comb electrodes connect- 
20 ed to said unbalanced type terminal, 

wherein said first to third IDT electrodes are ar- 
ranged substantially in the direction of propagation of 
the surface accoustic wave so that said second IDT 
25 electrode is located on the side opposite to said third 
IDT electrode with respect to said first IDT electrode, 

said one of the comb electrodes of said first IDT 
electrode is divided into a first divided comb electrode 
and a second divided comb electrode, 
30 said first divided comb electrode is connected to 

the one of said first balanced type terminals, and 

said second divided comb electrode is connected 
to the other of said first balanced type terminals. 



35 BRIEF DESCRIPTION OF THE DRAWINGS 
[0094] 

Figure 1 is a block diagram of an surface acoustic 
40 wave filter in Embodiment 1 of the present inven- 
tion; 

Figure 2A is a schematic layout of electrode fingers 
of the surface acoustic wave filter in Embodiment 1 
of the present invention; 

45 Figure 2B is a schematic layout of electrode fingers 
of another surface acoustic wave filter in Embodi- 
ment 1 of the present invention; 
Figure 3 is a block diagram of the surface acoustic 
wave filter in Embodiment 2 of the present inven- 

so tion; 

Figure 4A is an illustrative view for explaining the 
characteristics of the conventional surface acoustic 
wave filter; 

Figure 4B is an illustrative view for explaining the 
55 characteristics of the surface acoustic wave filter in 
Embodiment 2 of the present invention; 
Figure 5 is a block diagram of the surface acoustic 
wave filter in Embodiment 3 of the present inven- 
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tion; 

Figure 6 is a block diagram of the surface acoustic 
wave filter in Embodiment 4 of the present inven- 
tion; 

Figure 7 is a block diagram of a reflector electrode 5 
in Embodiment 4 of the present invention; 
Figure 8 is a block diagram of the surface acoustic 
wave filter in Embodiment 5 of the present inven- 
tion; 

Figure 9 is another block diagram of the surface 10 
acoustic wave filter in Embodiment 5 of the present 
invention; 

Figure 1 0 is a block diagram of the surface acoustic 
wave filter in Embodiment 6 of the present inven- 
tion; '5 
Figure 1 1 A is a schematic layout of electrode fingers 
of the surface acoustic wave filter in Embodiment 6 
of the present invention; 

Figure 1 1 B is a schematic layout of electrode fingers 
of another surface acoustic wave filter in Embodi- 20 
ment 6 of the present invention; 
Figure 12 is a block diagram of the conventional sur- 
face acoustic wave filter; 

Figure 13 is a structural view of the conventional 
surface acoustic wave filter; 25 
Figure 14 is a schematic diagram of the surface 
acoustic wave filter in Embodiment 7 of the present 
invention; 

Figure 15 shows simulation conditions of the con- 
ventional surface acoustic wave filter; 30 
Figure 1 6A shows the filter characteristic of the con- 
ventional surface acoustic wave filter determined by 
simulation; 

Figure 1 6B shows the amplitude balance of the con- 
ventional surface acoustic wave filter determined by 35 
simulation; 

Figure 16C shows the phase balance of the con- 
ventional surface acoustic wave filter determined by 
simulation; 

Figure 17 shows simulation conditions of the sur- 40 
face acoustic wave filter in Embodiment 7 of the 
present invention; 

Figure 1 8A shows the filter characteristic of the sur- 
face acoustic wave filter in Embodiment 7 of the 
present invention determined by simulation; 45 
Figure 1 8B shows the amplitude balance of the sur- 
face acoustic wave filter in Embodiment 7 of the 
present invention determined by simulation; 
Figure 1 8C shows the phase balance of the surface 
acoustic wave filter in Embodiment 7 of the present so 
invention determined by simulation; 
Figure 1 9A shows the filter characteristic of the sur- 
face acoustic wave filter in Embodiment 7 of the 
present invention determined by experiments; 
Figure 1 9B shows the amplitude balance of the sur- 55 
face acoustic wave filter in Embodiment 7 of the 
present invention determined by experiments; 
Figure 1 9C shows the phase balance of the surface 



acoustic wave filter in Embodiment 7 of the present 
invention determined by experiments; 
Figure 20A shows the filter characteristic of the con- 
ventional surface acoustic wavefilter determined by 
experiments; 

Figure 20B shows the amplitude balance of the con- 
ventional surface acoustic wavefilter determined by 
experiments; 

Figure 20C shows the phase balance of the con- 
ventional surface acoustic wavefilter determined by 
experiments; 

Figure 21 illustrates how the IDT electrodes are ar- 
ranged in Embodiment 7 of the present invention; 
Figure 22 is a schematic diagram of another surface 
acoustic wave filter in Embodiment 7 of the present 
invention; 

Figure 23 is a schematic diagram of the surface 
acoustic wave filter in Embodiment 8 of the present 

invention; 

Figure 24 is a schematic diagram of another surface 
acoustic wave filter in Embodiment 8 of the present 
invention; 

Figure 25 is a schematic diagram of the surface 
acoustic wave filter in Embodiment 9 of the present 
invention; 

Figure 26 is a schematic diagram of the surface 
acoustic wave filter in Embodiment 10 of the 
present invention; 

Figure 27 is a schematic diagram of the convention- 
al surface acoustic wave filter; 
Figure 28A shows the filter characteristic of the con- 
ventional surface acoustic wavefilter determined by 
simulation when the phases of signals in leading 
electrodes are mutually identical; 
Figure 28B shows the phase balance of the conven- 
tional surface acoustic wave filter determined by 
simulation when the phases of signals in leading 
electrodes are mutually identical; 
Figure 29A shows the filter characteristic of the sur- 
face acoustic wave filter determined by simulation 
when the phases of signals in leading electrodes 
are mutually identical in Embodiment 7 of the 
present invention; 

Figure 29B shows the phase balance of the surface 
acoustic wave filter determined by simulation when 
the phases of signals in leading electrodes are mu- 
tually identical in Embodiment 7 of the present in- 
vention; 

Figure 30 is a block diagram of the surface acoustic 
wave filter in Embodiment 1 1 of the present inven- 
tion; 

Figure 31 A shows the pass characteristic of the sur- 
face acoustic wave filter in Embodiment 11 of the 
present invention; 

Figure 31 B shows the amplitude balance character- 
istic of the surface acoustic wave filter in Embodi- 
ment 11 of the present invention; 
Figure 31 C shows the phase balance characteristic 
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of the surface acoustic wave filter in Embodiment 

11 of the present invention; 

Figure 32 is a block diagram of another surface 
acoustic wave filter in Embodiment 11 ofthepresent 
invention. 5 
Figure 33 is a block diagram of the surface acoustic 
wave filter in Embodiment 1 2 of the present inven- 
tion; 

Figure 34A shows the pass characteristic of the sur- 
face acoustic wave filter in Embodiment 12 of the 10 
present invention; 

Figure 34B shows the amplitude balance character- 
istic of the surface acoustic wave filter in Embodi- 
ment 12 of the present invention; 
Figure 34C shows the phase balance characteristic '5 
of the surface acoustic wave filter in Embodiment 

12 of the present invention; 

Figure 35 is a characteristic diagram of another sur- 
face acoustic wave filter in Embodiment 12 of the 
present invention. 20 
Figure 36A shows the pass characteristic of another 
surface acoustic wavefilter in Embodiment 12 of the 
present invention; 

Figure 36B shows the amplitude balance character- 
istic of another surface acoustic wave filter in Em- 25 
bodiment 12 of the present invention; 
Figure 36C shows the phase balance characteristic 
of another surface acoustic wave filter in Embodi- 
ment 12 of the present invention; 
Figure 37 is a block diagram of the surface acoustic 30 
wave filter in Embodiment 1 3 of the present inven- 
tion; 

Figure 38A is an illustrative view (No. 1) in regard 
to addition of a reactance element to the surface 
acoustic wave filter in the embodiment of the 35 
present invention; 

Figure 38B is an illustrative view (No. 2) in regard 
to addition of the reactance element to the surface 
acoustic wave filter in the embodiment of the 
present invention; 40 
Figure 38C is an illustrative view (No. 3) in regard 
to addition of the reactance element to the surface 
acoustic wave filter in the embodiment of the 
present invention; 

Figure 39 is a block diagram showing the configu- 45 
ration of a communication device in Embodiment 1 4 
of the present invention; 

Figure 40 is ablockdiagram of the conventional sur- 
face acoustic wave filter; 

Figure 41 A shows the pass characteristic of the so 
conventional surface acoustic wave filter; 
Figure 41 B shows the amplitude balance character- 
istic of the conventional surface acoustic wave filter; 
Figure 41 C shows the phase balance characteristic 
of the conventional surface acoustic wave filter; 55 
Figure 42 is a block diagram of the surface acoustic 
wave filter in contemplation of parasitic compo- 
nents; 



Figure 43 shows the amplitude and phase balance 
characteristics of the surface acoustic wave filter; 
Figure 44 is a block diagram of the surface acoustic 
wave filter having a five-electrode configuration of 
the embodiment according to the present invention; 
Figure 45 is an illustrative view (No. 1) for connec- 
tion of a pad electrode to a bus bar electrode in the 
surface acoustic wave filter of the embodiment ac- 
cording to the present invention: 
Figure 46 is an illustrative view (No. 2) for connec- 
tion of the pad electrode to the bus bar electrode in 
the surface acoustic wave filter of the embodiment 
according to the present invention; 
Figure 47 is an illustrative view for the amplitude 
balance characteristic and the phase balance char- 
acteristic of the simulation model for the conven- 
tional surface acoustic wave filter; 
Figure 48 is an illustrative view of the simulation 
model for the surface acoustic wave filter of the em- 
bodiment according to the present invention; and 
Figure 49 is an illustrative view for the amplitude 
balance characteristic and the phase balance char- 
acteristic of the simulation model for the surface 
acoustic wave filter of the embodiment according to 
the present invention. 

Figure 50 is a block diagram of the surface acoustic 
wave filter in the embodiment of the present inven- 
tion. 



Description of Symbols 



[0095] 




101 


Piezoelectric substrate 


102 


First IDT Electrode 


102a 


Upper Electrode of First IDT Electrode 


102b 


Lower Electrode of First IDT Electrode 


103 


Second IDT Electrode 


103a 


Upper Electrode of Second IDT Electrode 


103b 


Lower Electrode of Second IDT Electrode 


104 


Third IDT Electrode 


104a 


Upper Electrode of Third IDT Electrode 


104b 


Lower Electrode of Third IDT Electrode 


105 


First Reflector Electrode 


106 


Second Reflector Electrode 


107 


One of Balanced Type, Terminals 


108 


Other Balanced Type Terminal 


109 


Unbalanced Type Terminal 



PREFERRED EMBODIMENTS OF THE INVENTION 



[0096] The embodiments of the present invention will 
be described below referring to the drawings. 

(Embodiment 1) 

[0097] An surface acoustic wave filter of Embodiment 
1 of the present invention will be described below refer- 
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ring to the drawings. Furthermore, Figure 1 is a sche- 
matic diagram of the surface acoustic wave filter in Em- 
bodiment 1 . 

[0098] Furthermore, a first IDT electrode 102 corre- 
sponds to the first IDT electrode of the present invention, 
a second IDT electrode 1 03 corresponds to the second 
IDT electrode of the present invention, and a third IDT 
electrode 104 corresponds to the third IDT electrode of 
the present invention. Also, af irst reflector electrode 1 05 
corresponds to the first reflector electrode of the present 
invention, and a second reflector electrode 106 corre- 
sponds to the second reflector electrode of the present 
invention. Also, one of balanced type terminals 1 07 cor- 
responds to the one of the first balanced type terminals 
of the present invention, the other balanced type termi- 
nal 1 08 corresponds to the other of first balanced type 
terminals of the present invention, and an unbalanced 
type terminal 109 corresponds to the unbalanced type 
terminal of the present invention. 
[0099] In Figure 1 , reference numeral 101 denotes a 
piezoelectric substrate, and the surface acoustic wave 
can be excited by forming on this piezoelectric substrate 

1 01 electrode patterns crossing in such a manner as to 
create periodic structured strip lines. A longitudinal 
mode type surface acoustic wave filter comprising the 
first IDT electrode 102, the second and third IDT elec- 
trodes 103 and 104, and the first and second reflector 
electrodes 105 and 106 is formed on the piezoelectric 
substrate 101. 

[0100] In the above surface acoustic wave filter, an 
upper electrode 102a of the first IDT electrode 102 is 
connected to one of the balanced type terminals 107 
and a lower electrode 1 02b of the first IDT electrode 1 02 
is connected to the other balanced type terminal 108. 
Also, an upper electrode 1 03a of the second IDT elec- 
trode 1 03 is connected to the unbalanced type terminal 
109 and a lower electrode 103b is grounded. A lower 
electrode 1 04b of the third IDT electrode 1 04 is connect- 
ed to the unbalanced type terminal 109 and an upper 
electrode 104a is grounded. 

[0101] In this way, the above surface acoustic wave 
filter is configured to have unbalanced-balanced type 
terminals and the signal path from the unbalanced type 
terminal 1 09 is connected upside down from a structural 
viewpoint. Also, the upper electrode 1 02a and the lower 
electrode 102b of the first IDT electrode 102 have same 
numbers of electrode fingers. 

[0102] The above configuration makes it possible to 
prevent degradation of balance characteristics caused 
by the unbalanced spatial bonding between leading 
electrodes from the second and third IDT electrodes 1 03 
and 1 04 both connected to the unbalanced type terminal 
1 09 and a leading electrode from the first IDT electrode 

102 connected to the balanced type terminal 107 and 
1 08 to obtain an surface acoustic wave filter having sat- 
isfactory balance characteristics. 

[0103] That is, the signal path from the unbalanced 
type terminal 109 is connected upside down from a 



structural viewpoint, whereby the spatial bonding be- 
tween the leading electrodes from the second IDT elec- 
trode 103 and the third IDT electrode 104 and the lead- 
ing electrode from the first IDT electrode 1 02 connected 

5 to the balanced type terminal 1 07 is substantially iden- 
tical to the spatial bonding between the leading elec- 
trodes from the second IDT electrode 1 03 and the third 
IDT electrode 104 and the leading electrode from the 
first IDT electrode 1 02 connected to the balanced type 

10 terminal 108. Thus, degradation of balance character- 
istics can be prevented. 

[0104] Also, the arrangement of electrode fingers in 
the second and third IDT electrodes 103 and 104 is such 
that surface acoustic waves do not balance each other 
is out. That is, given that the upper electrode 1 03a of the 
second IDT electrode 1 03 and the lower electrode 1 04b 
of the third IDT electrode 1 04 both connected to the un- 
balanced type terminal 109 are positive (+), and the 
electrodes grounded are negative (-), an in-phase ar- 
20 rangement is provided as shown in Figure 2A. 

[01 05] Furthermore, even the configuration shown in 
Figure 2B does not influence the effect of the present 
invention. Figure 2B shows the configuration in which 
the upper electrode of the second IDT electrode 103 and 
25 the lower electrode of the third IDT electrode 104 are 
shifted byoneelectrodefinger, respectively. Inthis case, 
only the first IDT electrode 1 02 has just an opposite po- 
larity, and thus the effect by the embodiment of the 
present invention is unchanged. 
30 [0106] Also, the upper electrode 103a of the second 
IDT electrode 1 03 and the lower electrode 1 04b of the 
third IDT electrode 1 04 are connected to the unbalanced 
type terminal 109, but instead thereof, the lower elec- 
trode 1 03b of the second IDT electrode 1 03 and the up- 
35 per electrode 1 04a of the third IDT electrode 1 04 may 
be connected to the unbalanced type terminal 109. That 
is, if the signal paths are connected to the second and 
third IDT electrodes 103 and 104 upside down from a 
structural viewpoint, an effect similar to that of the em- 
40 bodiment of the present invention can be achieved. 

(Embodiment 2) 

[0107] The surface acoustic wave filter of Embodi- 
es ment 2 of the present invention will now be described 
referring to the drawings. Furthermore, Figure 3 is a 
schematic diagram of the surface acoustic wave filter in 
Embodiment 2. 

[0108] The surface acoustic wave filter of the present 
50 invention is characterized in that the unbalanced type 
terminal 309 is connected to the input terminal IN with 
a first surface acoustic wave resonator 31 0 connected 
in series therebetween, and a second surface acoustic 
wave resonator 31 1 is connected in parallel between the 
55 first surface acoustic wave resonator 310 and the un- 
balanced type terminal 309. 

[0109] Furthermore, a first IDT electrode 302 corre- 
sponds to thefirst IDT electrode of the present invention, 
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a second IDT electrode 303 corresponds to the second 
IDT electrode of the present invention, and a third IDT 
electrode 304 corresponds to the third IDT electrode of 
the present invention. Also, afirst reflector electrode 305 
corresponds to the first reflector electrode of the present 
invention, and a second reflector electrode 306 corre- 
sponds to the second reflector electrode of the present 
invention. Also, one of balanced type terminals 307 cor- 
responds to one of the first balanced type terminals of 
the present invention, the other balanced type terminal 

308 corresponds to the other of balanced type terminals 
of the present invention, and an unbalanced type termi- 
nal 309 corresponds to the unbalanced type terminal of 
the present invention. 

[0110] In Figure 3, reference numeral 301 denotes a 
piezoelectric substrate, and the surface acoustic wave 
can be excited by forming on this piezoelectric substrate 
301 electrode patterns crossing in such a manner as to 
create periodic structured strip lines. A longitudinal 
mode type surface acoustic wave filter comprising the 
first IDT electrode 302, the second and third IDT elec- 
trodes 303 and 304, and the first and second reflector 
electrodes 305 and 306 is formed on the piezoelectric 
substrate 301. 

[0111] In the above surface acoustic wave filter, an 
upper electrode 302a of the first IDT electrode 302 is 
connected to one of the balanced type terminals 307 
and a lower electrode 302b of the first IDT electrode 302 
is connected to the other balanced type terminal 308. 
Also, an upper electrode 303a of the second IDT elec- 
trode 303 is connected to the unbalanced type terminal 

309 and a lower electrode 303b is grounded. A lower 
electrode 304b of the third I DT electrode 304 is connect- 
ed to the unbalanced type terminal 309 and an upper 
electrode 303a is grounded. In this way, the above sur- 
face acoustic wave filter is configured to have unbal- 
anced-balanced type terminals and the signal path from 
the unbalanced type terminal 309 is connected upside 
down from a structural viewpoint. Also, the upper elec- 
trode 302a and the lower electrode 302b of the first IDT 
electrode 302 have same numbers of electrode fingers. 
[0112] In addition, the unbalanced type terminal 309 
is connected to the input terminal IN with the first surface 
acoustic wave resonator 310 connected in series ther- 
ebetween, the second surface acoustic wave resonator 
311 is connected in parallel between the first surface 
acoustic wave resonator 31 0 and the unbalanced type 
terminal 309 and one end of the surface acoustic wave 
resonator 311 is grounded. The first surface acoustic 
wave resonator 310 and the second surface acoustic 
wave resonator 311 are inserted for forming an attenu- 
ation pole. Also, the balanced type terminals 307 and 
308 are connected to the output terminals OUT1 and 
OUT2, respectively. Furthermore, connections to the 
terminals IN, OUT1 and OUT2 are provided in such a 
manner as to lead to terminals outside the piezoelectric 
substrate by wire bonding implementation, face down 
implementation or the like. 



[0113] Balance characteristics in the surface acoustic 
wave filter of this embodiment will now be described us- 
ing Figures 4A and 4B. 

[0114] Furthermore, shown in Figure 4A is the char- 

5 acteristicwhen aconventionalconfigurationforcompar- 
ison (i.e. the conventional configuration shown in Figure 
12 as the connection of the second and third IDT elec- 
trodes connected to the unbalanced type terminal) is 
used. That is, Figure. 4Ashows differences in amplitude 

10 and phase between the signal from the unbalanced type 
terminal 1009 to the balanced type terminal 1007 and 
the signal from the unbalanced type terminal 1009 to the 
balanced type terminal 1008 for the surface acoustic 
wave filter of Figure 12. Furthermore, assuming that an 

15 ideal state is provided in which the surface acoustic 
wave filter is completely balanced, there is a phase dif- 
ference of 1 80° between the signal from the unbalanced 
type terminal 1009 to the balanced type terminal 1007 
and the signal from the unbalanced type terminal 1 009 

20 to the balanced type terminal 1008. The phase differ- 
ence of Figure 4A represents plotted deviations from 
this ideal state. 

[0115] Then, shown in Figure 4B is the balance char- 
acteristic of the 900 MHz band surface acoustic wave 

25 filter in this embodiment. Figure 4 shows differences in 
amplitude and phase between the signal from the ter- 
minal IN to the terminal OUT1 and the signal from the 
terminal INtotheterminalOUT2. Furthermore, if an ide- 
al state is provided in which the surface acoustic wave 

30 filter of Figure 3 is completed balanced, there is a phase 
difference of 1 80° between the signal from the terminal 
IN to the terminal OUT1 and the signal from the terminal 
IN to the terminal OUT2. The phase difference of Figure 
4B represents plotted deviations from this ideal state. 

35 [0116] As apparent from FIGS4Aand4B,thebalance 
characteristic of the surface acoustic wave filter in this 
embodiment is improved in both amplitude and phase 
differences compared to the conventional surface 
acoustic wave filter. I n the range of from 925 MHz to 960 

40 MHz, there is an amplitude difference of 2.2 dB (be- 
tween -1 .2 dB and +1 .0 dB) forthe conventional config- 
uration, while for the configuration of the present inven- 
tion, there is an amplitude difference of 1 .5 dB (between 
-0.8 dB and +0.7 dB), which represents an improvement 

45 by 0.7 dB compared to the conventional configuration. 
Also, with respect to the phase difference, there is a dif- 
ference of 19° (between -7° and +12°) forthe conven- 
tional configuration, while for the configuration of the 
present invention, there is a difference of 13° (between 

so -5° and +8°), which represents an improvement by 6° 
compared to the conventional configuration. 
[0117] As described above, it is made possible to pre- 
vent spatial unbalance between the leading electrode 
forthe second and third IDT electrodes connected to the 

55 unbalanced type terminal and the leading electrode for 
the first IDT electrode connected to the balanced type 
terminal, resulting in an surface acoustic wave filter hav- 
ing satisfactory balance characteristics. 
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[0118] Furthermore, in this embodiment, the unbal- 
anced type terminal is an input terminal and the bal- 
anced type terminal is an output terminal, but this may 
be reversed. 

[0119] Also, in this embodiment, the configuration has 
been described in which the unbalanced type terminal 
309 is connected to the input terminal IN with the first 
surface acoustic wave resonator 310 connected in se- 
ries therebetween, and the second surface acoustic 
wave resonator 31 1 is connected in parallel between the 
first surface acoustic wave resonator 310 and the un- 
balanced type terminal 3.09, but other configurations 
are also possible. Any one of the first surface acoustic 
wave resonator 310 and the second surface acoustic 
wave resonator 31 1 may be eliminated. Also, the unbal- 
anced type terminal 309 may be connected to the input 
terminal IN with two or more surface acoustic wave res- 
onators connected in series therebetween. In addition, 
two or more surface acoustic wave resonators may be 
connected in parallel to these two or more surface 
acoustic wave resonators. In short, any number of sur- 
face acoustic wave resonators may be inserted in series 
and/or in parallel between the unbalanced type terminal 
309 and the terminal IN as long as appropriate charac- 
teristics can be obtained as an surface acoustic wave 
filter. 

(Embodiment 3) 

[0120] The surface acoustic wave filter of Embodi- 
ment 3 of the present invention will be described below 
referring to the drawings. Furthermore, Figure 5 is a 
schematic diagram of the surface acoustic wave filter in 
Embodiment 3. 

[0121] Furthermore, a first IDT electrode 502 corre- 
sponds to the first IDT electrode of the present invention, 
a second IDT electrode 503 corresponds to the second 
IDT electrode of the present invention, and a third IDT 
electrode 504 corresponds to the third IDT electrode of 
the present invention. Also, afirst reflector electrode 505 
corresponds to the first reflector electrode of the present 
invention and a second reflector electrode 506 corre- 
sponds to the second reflector electrode of the present 
invention. Also, one of balanced type terminals 507 cor- 
responds to one of the first balanced type terminals of 
the present invention, the other balanced type terminal 
508 corresponds to the other of the first balanced type 
terminals of the present invention and an unbalanced 
type terminal 509 corresponds to the unbalanced type 
terminal. 

[0122] In Figure 5 , reference numeral 501 denotes a 
piezoelectric substrate, and the surface acoustic wave 
can be excited by forming on this piezoelectric substrate 
501 electrode patterns crossing in such a manner as to 
create periodic structured strip lines. A longitudinal 
mode type surface acoustic wave filter comprising the 
first IDT electrode 502, the second and third IDT elec- 
trodes 503 and 504, and the first and second reflector 



electrodes 505 and 506 is formed on the piezoelectric 
substrate 501. 

[0123] In the above surface acoustic wave filter, an 
upper electrode 502a of the first IDT electrode 502 is 

5 connected to one of the balanced type terminals 507 
and a lower electrode 502b of the first IDT electrode 502 
is connected to the other balanced type terminal 508. 
Also, an upper electrode 503a of the second IDT elec- 
trode 503 is connected to the unbalanced type terminal 

10 509 through the first reflector electrode 505 and a lower 
electrode 503b is grounded. A lower electrode 504b of 
the third IDT electrode 504 is connected to the unbal- 
anced type terminal 509 through the second reflector 
electrode 506 and an upper electrode 503a is grounded. 

is [0124] In this way, the above surface acoustic wave 
filter is configured to have unbalanced-balanced type 
terminals, and the signal path from the unbalanced type 
terminal 509 is connected upside down from a structural 
viewpoint. Also, the upper electrode 502a and the lower 

20 electrode 502b of the first IDT electrode 502 have same 
numbers of electrode fingers. 

[0125] The above configuration makes it possible to 
improve balance characteristics compared to the con- 
ventional configuration. In the range of from 925 MHz to 

25 960 MHz, there is an amplitude difference of 2.2 dB (be- 
tween -1 .2 dB and +1 ,0 dB) forthe conventional config- 
uration, while for the configuration of the present inven- 
tion, there is an amplitude difference of 1 .8 dB (between 
-1 .0 dB and +0.8 dB), which represents an improvement 

30 by 0.4 dB compared to the conventional configuration. 
Also, with respect to the phase difference, there is a dif- 
ference of 19° (between -7° and +12°) forthe conven- 
tional configuration, while for the configuration of the 
present invention, there is a difference of 1 6° (between 

35 -6° and +1 0°), which represents an improvement by 3° 
compared to the conventional configuration. Further- 
more, the definition for the phase difference is similarto 
that of Embodiment 2. 

[0126] In the configuration of the surface acoustic 
40 wave filter of this embodiment, the wiring to signal paths 
to the second and third IDT electrodes can be reduced, 
thus making it possible to curb more significantly resist- 
ance by the wiring and degradation of characteristics by 
inductance components, and increase the degree of 
45 freedom for the arrangements of electrodes and termi- 
nals on the plate. 

(Embodiment 4) 

so [0127] The surface acoustic wave filter of Embodi- 
ment 4 of the present invention will be described below 
referring to the drawings. Furthermore, Figure 6 is a 
schematic diagram of the. surface acoustic wave filter 
in Embodiment 4. 

55 [0128] Furthermore, a first IDT electrode 602 corre- 
sponds to thefirst IDT electrode of the present invention, 
a second IDT electrode 603 corresponds to the second 
IDT electrode of the present invention and a third IDT 
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electrode 604 corresponds to the third IDT electrode of 
the present invention. Also, af irst reflector electrode 605 
corresponds to the first reflector electrode of the present 
invention and a second reflector electrode 606 corre- 
sponds to the second reflector electrode of the present 
invention. Also, one of balanced type terminals 607 cor- 
responds to one of the first balanced type terminals of 
the present invention, the other balanced type terminal 

608 corresponds to the other of the first balanced type 
terminals of the present invention, and an unbalanced 
type terminal 609 corresponds to the unbalanced type 
terminal of the present invention. 

[0129] In Figure 6, reference numeral 601 denotes a 
piezoelectric substrate, and the surface acoustic wave 
can be excited by forming on this piezoelectric substrate 
601 electrode patterns crossing in such a manner as to 
create periodic structured strip lines. A longitudinal 
mode type surface acoustic wave filter comprising the 
first IDT electrode 602, the second and third IDT elec- 
trodes 603 and 604, and the first and second reflector 
electrodes 605 and 606 is formed on the piezoelectric 
substrate 601. Also, the first reflector electrode 605 is 
constituted by first, second and third segmented reflec- 
tor electrodes 605a, 605b and 605c, and the second re- 
flector electrode 606 is constituted by fourth, fifth and 
sixth segmented reflector electrodes 606a, 606b and 
606c. 

[0130] In the above surface acoustic wave filter, an 
upper electrode 602a of the first IDT electrode 602 is 
connected to one of the balanced type terminals 607 
and a lower electrode 602b of the first IDT electrode 602 
is connected to the other balanced type terminal 608. 
Also, an upper electrode 603a of the second IDT elec- 
trode 603 is connected to the unbalanced type terminal 

609 through the third segmented reflector electrode 
605c and the lower electrode 603b and the first and sec- 
ond segmented reflector electrodes 605a and 605b are 
grounded. The lower electrode 604b of the third IDT 
electrode 604 is connected to the unbalanced type ter- 
minal 609 through the sixth segmented reflector elec- 
trode 606c and the upper electrode 603a and the fourth 
and fifth segmented reflector electrodes 606a and 606b 
are grounded. 

[0131] In this way, the above surface acoustic wave 
filter is configured to have unbalanced-balanced type 
terminals, and the signal path from the unbalanced type 
terminal 609 is connected upside down from a structural 
viewpoint. Also, the upper electrode 602a and the lower 
electrode 602b of the first IDT electrode 602 have same 
numbers of electrode fingers. 

[0132] The above configuration makes it possible to 
improve balance characteristics compared to the con- 
ventional configuration. In the range of from 925 MHz to 
960 MHz, there is an amplitude difference of 2.2 dB (be- 
tween -1 .2 dB and +1 .0 dB) for the conventional config- 
uration, while for the configuration of the present inven- 
tion, there is an amplitude difference of 1 .7 dB (between 
-1 .0 dB and +0.7 dB), which represents an improvement 



by 0.5 dB compared to the conventional configuration. 
Also, with respect to the phase difference, there is a dif- 
ference of 19° (between -7° and +12°) for the conven- 
tional configuration, while for the configuration of the 
5 present invention, there is a difference of 13° (between 
-5° and +8°), which represents an improvement by 6° 
compared to the conventional configuration. Further- 
more, the definition for the phase difference in this em- 
bodiment is similar to that of the above described em- 
10 bodiment. 

[0133] Furthermore, in this configuration, the first, 
second, fourth and fifth segmented reflector electrodes 
are grounded between the second and third IDT elec- 
trodes 603 and 604 and the third and sixth segmented 
is reflector electrodes used as signal paths, and therefore 
spatial bonding to the IDT electrodes from the signal 
paths can further be reduced to obtain still better char- 
acteristics than those in Embodiment 3. Also, the wiring 
to signal paths to the second and third IDT electrodes 
20 can be reduced, thus making it possible to curb more 
significantly resistance by the wiring and degradation of 
characteristics by inductance components, and in- 
crease the degree of freedom for the arrangements of 
electrodes and terminals on the plate. 
25 [0134] Also, in this configuration, the lower electrode 
602b and the first segmented reflector electrode 605a, 
and the upper electrode 603a and the fourth segmented 
reflector electrode 606a are grounded together, there- 
fore earth terminals can be lead, thus making it possible 
30 to further increase the degree of freedom for the ar- 
rangements of electrodes on the plate. 
[0135] Furthermore, the first and fourth segmented 
reflector electrodes are grounded, but a configuration in 
which they are not grounded may also be adopted. 
35 [0136] Also, the third and sixth segmented reflector 
electrodes are used as signal paths, but instead thereof, 
the second, third, fifth and sixth segmented reflector 
electrodes may be used as signal paths. If the segment- 
ed reflector electrodes adjacent to the second and third 
40 IDT electrodes are grounded or separated from the sig- 
nal paths, spatial bonding can be prevented to achieve 
the same effect of the present invention. 
[0137] Also, with respect to the segmented reflector 
electrode, the first, second and third segmented reflec- 
ts tor electrodes 605a, 605b and 605c may have configu- 
rations similar to those of first, second and third seg- 
mented reflector electrodes 701a, 701b and 701c as 
shown in Figure 7. In Figure 7, the first, second and third 
segmented reflector electrodes 701a, 701b and 701c 
so may have different pitches of electrode fingers P1 a, P1b 
and P1c, and different metallization ratios r\1 a = M1a/ 
S1a, r|1b = M1b/S1b andT)1c= M1c/S1c, which are ra- 
tios of electrode areas M1a, M1b and M1c to free sur- 
face plate areas S1a, S1b and S1c, respectively. 
55 [0138] Also, an interval L1 between the first segment- 
ed reflector electrode 701 a and the second segmented 
reflector electrode 701 b may be different from an inter- 
val L2 between the second segmented reflector elec- 
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trade 701 b and the third segmented reflector electrode 
701c. In this case, by differentiating spurious frequen- 
cies of reflection characteristics of the segmented re- 
flector electrodes, the out-of-band attenuation can be 
improved. 

[0139] Furthermore, the first, second and third seg- 
mented reflector electrodes have been described, but 
this configuration may be applied not only to the first, 
second and third segmented reflectors 605a, 605b and 
605c but also to the fourth, fifth and sixth segmented 
reflector electrodes 606a, 606b and 606c. 
[0140] The above configuration makes it possible to 
achieve an surface acoustic wave filter excellent in out- 
of-band attenuation having good balance characteris- 
tics. 

(Embodiment 5) 

[0141] The surface acoustic wave filter of Embodi- 
ment 5 of the present invention will be described below 
referring to the drawings. Furthermore, Figure 8 is a 
schematic diagram of the surface acoustic wave filter in 
Embodiment 5. 

[0142] Furthermore, a first IDT electrode 802 corre- 
sponds to the first IDT electrode of the present invention, 
a second IDT electrode 803 corresponds to the second 
IDT electrode of the present invention and a third IDT 
electrode 804 corresponds to the third IDT electrode of 
the present invention. Also, af irst reflector electrode 805 
corresponds to the first reflector electrode of the present 
invention and a second reflector electrode 806 corre- 
sponds to the second reflector electrode of the present 
invention. Also, one of balanced type terminals 807 cor- 
responds to one of the first balanced type terminals of 
the present invention, the other balanced type terminal 
808 corresponds to the other of the first balanced type 
terminals of the present invention and an unbalanced 
type terminal 809 corresponds to the unbalanced type 
terminal of the present invention. 
[0143] In Figure 8, reference numeral 801 denotes a 
piezoelectric substrate, and the surface acoustic wave 
can be excited by forming on this piezoelectric substrate 
801 electrode patterns crossing in such a manner as to 
create periodic structured strip lines. 
[0144] A longitudinal mode type surface acoustic 
wave filter comprising the first IDT electrode 802, the 
second and third IDT electrodes 803 and 804, and the 
first and second reflector electrodes 805 and 806 is 
formed on the piezoelectric substrate 801 . 
[0145] Also, the first reflector electrode 805 is laterally 
divided and constituted by a first upper reflector elec- 
trode 805a and a first lower reflector electrode 805b, and 
the second reflector electrode 806 is constituted by a 
second upper reflector electrode 806a and a second 
lower reflector electrode 806b. 
[0146] Also, in the above surface acoustic wave filter, 
an upper electrode 802a of the first IDT electrode 802 
is connected to one of the balanced type terminals 807 



and a lower electrode 802b of the first IDT electrode 802 
is connected to the other balanced type terminal 808. 
An upper electrode 803a of the second IDT electrode 
803 is connected to the unbalanced type terminal 809 

5 through the first upper reflector electrode 805a and the 
lower electrode 803b and the first lower reflector elec- 
trode 805b are grounded. The lower electrode 804b of 
the third IDT electrode 804 is connected to the unbal- 
anced type terminal 809 through the second lower re- 

10 flector electrode 806b and the upper electrode 803a and 
the second upper reflector electrode 806a are ground- 
ed. 

[0147] In this way, the above surface acoustic wave 
filter is configured to have unbalanced-balanced type 

'5 terminals, and the signal path from the unbalanced type 
terminal 809 is connected upside down from a structural 
viewpoint. Also, the upper electrode 802a and the lower 
electrode 802b of the first IDT electrode 802 have same 
numbers of electrode fingers. 

20 [0148] The above configuration makes it possible to 
improve balance characteristics compared to the con- 
ventional configuration. In the range of from 925 MHz to 
960 MHz, there is an amplitude difference of 2.2 dB (be- 
tween -1 .2 dB and +1 .0 dB) forthe conventional config- 

25 uration, while for the configuration of the present inven- 
tion, there is an amplitude difference of 1 .7 dB (between 
-1 .0 dB and +0.7 dB), which represents an improvement 
by 0.5 dB compared to the conventional configuration. 
Also , with respect to the phase difference, there is a dif- 

30 ference of 1 9° (between -7° and +1 2°) for the conven- 
tional configuration, while for the configuration of the 
present invention, there is a difference of 13° (between 
-5° and +8°), which represents an improvement by 6° 
compared to the conventional configuration. Further- 

35 more, the definition for the phase difference in this em- 
bodiment is similar to that of Embodiment 2. 
[0149] In this configuration, connections are provided 
through the first upper reflector electrode 805a and the 
second lower reflector electrode 806b, and therefore the 

40 wiring to signal paths to the second and third IDT elec- 
trodes can be reduced, thus making it possible to de- 
crease more significantly resistance by the wiring and 
degradation of characteristics by inductance compo- 
nents, and increase the degree of freedom for the ar- 

45 rangements of electrodes and terminals on the plate. 
[0150] Also, in this configuration, the lower electrode 
802b and the first lower reflector electrode 805b, and 
the upper electrode 803a and the second upper reflector 
electrode 806a are grounded together, therefore earth 

so terminals can be lead, thus making it possible to further 
increase the degree of freedom forthe arrangements of 
electrodes on the plate. 

[0151] Furthermore, the reflector electrodes 805 and 
806 may also be arranged as shown in Figure 9. In Fig- 
55 ure 9, first and second reflector electrodes 901 and 902 
are each divided into two segmented reflector elec- 
trodes and the segmented reflector electrodes adjacent 
to the input IDT electrode are each constituted by an 
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upper reflector electrode and a lower reflector electrode. 
For the configuration shown in Figure 9, the effect of im- 
proving the balance characteristics in the present inven- 
tion is unchanged and the effect of increasing the de- 
gree of freedom can be achieved in a same way. Fur- 
thermore, the first reflector electrode 901 corresponds 
to the first reflector electrode of the present invention 
and the second reflector electrode 902 corresponds to 
the second reflector electrode of the present invention. 

(Embodiment 6) 

[0152] The surface acoustic wave filter of Embodi- 
ment 6 of the present invention will be described below 
referring to the drawings. Furthermore, Figure 10 is a 
schematic diagram of the surface acoustic wave filter in 
Embodiment 6. 

[0153] In the above embodiments, the surface 
acoustic wave filter having unbalanced-balanced type 
terminals has been described, but in Embodiment 6, the 
surface acoustic wave filter having balanced-balanced 
type terminals will be described. 
[01 54] The same parts as thosefound in Embodiment 
1 will be given same symbols, and detailed descriptions 
thereof will not be presented. 

[0155] Furthermore, abalancedtypeterminal 111 cor- 
responds to the other of second balanced type terminals 
of the present invention. 

[0156] In Figure 10, a longitudinal mode surface 
acoustic wave filter comprising the first IDT electrodes 
1 02, the second and third IDT electrodes 1 03 and 1 04, 
and the first and second reflector electrodes 105 and 
106 is formed on the piezoelectric substrate 101. 
[0157] In the above surface acoustic wave filter, the 
upper electrode 102a of the first IDT electrode 102 is 
connected to one of the balanced type terminals 107 
and the lower electrode 102b of the first IDT electrode 
102 is connected to the other balanced type terminal 
1 08. Also, the upper electrode 1 03a of the second IDT 
electrode 103 is connected to the balanced type termi- 
nal 110 and the lower electrode 103b is connected to 
the balanced type terminal 111. Also, the lower elec- 
trode 104b of the third IDT electrode 104 is connected 
to the balanced type terminal 110 and the upper elec- 
trode 103a is connected to the balanced type terminal 
111. 

[0158] In this way, the above surface acoustic wave 
filter is configured to have balanced-balanced type ter- 
minals, and the signal paths from the balanced type ter- 
minal 1 1 0 and the balanced type terminal 111 are each 
connected upside down from a structural viewpoint. Al- 
so, the upper electrode 102a and the lower electrode 
102b of the first IDT electrode 102 have same numbers 
of electrode fingers. 

[0159] By making the surface acoustic wave filter 
have the above configuration, the signal passing 
through the leading electrode connecting the upper 
electrode 103a of the second IDT electrode to the bal- 



anced type terminal 1 1 0 and the signal passing through 
the leading electrode connecting the upper electrode 
104a of the third IDT electrode 104 to the balanced type 
terminal 111 have mutually opposite phases. Also, the 

5 signal passing through the leading electrode connecting 
the lower electrode 103b of the second IDT electrode to 
the balanced type terminal 1 1 1 and the signal passing 
through the leading electrode connecting the lower elec- 
trode 1 04b of the third IDT electrode 1 04 to the balanced 

10 type terminal 110 have mutually opposite phases. 
[01 60] Therefore, signals spatially leaked from these 
leading electrodes have opposite phases on the left and 
right sides, thus making it possible to alleviate impacts 
on the leading electrode connecting the upper electrode 

'5 1 02a to the balanced type terminal 1 07. Also, impacts 
on the leading electrode connecting the lower electrode 
102b to the balanced type terminal 108 can be alleviat- 
ed. It is therefore possible to prevent degradation of the 
characteristics of the surface acoustic wave filter. 

20 [0161] As shown in Figure 11 A, the electrode fingers 
in the second and third IDT electrodes 103 and 104 are 
arranged in a same manner as Embodiment 1 so that 
surface acoustic waves do not balance each other out. 
That is, given that the upper electrode 1 03a of the sec- 

25 ond IDT electrode 1 03 and the lower electrode 1 04b of 
the third IDT electrode 104 connected to the balanced 
type terminals 110 and 111, respectively, are positive 
(+), and the electrode connected to the balanced type 
terminal 111 is negative (-) , an in-phase arrangement 

30 is provided as shown in Figure 11 A. 

[0162] Furthermore, even the configuration shown in 
Figure 1 1 B does not affect the influence of the present 
invention. Figure 11 B shows the configuration in which 
the upper electrode of the second IDT electrode 1 03 and 

35 the lower electrode of the third IDT electrode 104 are 
shifted byoneelectrodefinger, respectively. Inthis case, 
only the first IDT electrode 102 has just an opposite po- 
larity, and thus the effect by the embodiment of the 
present invention is unchanged. 

40 [0163] Also, the upper electrode 103a of the second 
IDT electrode 1 03 and the lower electrode 1 04b of the 
third IDT electrode 104 are connected to the balanced 
type terminal 110, but instead thereof, the lower elec- 
trode 103b of the second IDT electrode 103 and the up- 

45 per electrode 1 04a of the third IDT electrode 1 04 may 
be connected to the balanced type terminal 110. That 
is, if the signal paths are connected to the second and 
third IDT electrodes 103 and 104 upside down from a 
structural viewpoint, an effect similar to that of the em- 

50 bodiment of the present invention can be achieved. 
[0164] Furthermore, corresponding parts of the sur- 
face acoustic wave filter of each of Embodiments 2 to 5 
may be used for the surface acoustic wave filter of Em- 
bodiment 6. In this way, effects equivalent to those ob- 

55 tained in the above embodiments for the unbalanced- 
balanced type surface acoustic wave filter can be 
achieved for the balanced-balanced type surface wave 
filter. 
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(Embodiment 7) 

[0165] The surface acoustic wave filter of Embodi- 
ment 7 of the present invention will be described below 
referring to the drawings. Figure 14 is a schematic dia- 
gram of the surface acoustic wave filter in Embodiment 
7. 

[0166] The surface acoustic wave filter of the present 
invention is a longitudinal mode type surface acoustic 
wave filter having unbalanced-balanced type input/out- 
put terminals. 

[0167] Furthermore, a fourth IDT electrode 7 corre- 
sponds to the first IDT electrode of the present invention, 
a fifth IDT electrode 8 corresponds to the second IDT 
electrode of the present invention, a sixth IDT electrode 
9 corresponds to the third IDT electrode of the present 
invention, a first IDT electrode 1 corresponds to the 
fourth IDT electrode of the present invention, a second 
IDT electrode 2 corresponds to the fifth IDT electrode of 
the present invention, and a third IDT electrode 3 corre- 
sponds to the sixth IDT electrode of the present inven- 
tion. Also, a third reflector electrode 10 corresponds to 
the first reflector electrode of the present invention, a 
fourth reflector electrode 11 corresponds to the second 
reflector electrode of the present invention, a first reflec- 
tor electrode 4 corresponds to the third reflector elec- 
trode of the present invention, and a second reflector 
electrode 5 corresponds to the fourth reflector electrode 
of the present invention. Also, the terminal OUT1 corre- 
sponds to one of the first balanced type terminals of the 
present invention and the terminal OUT2 corresponds 
to the other of the first balanced type terminals of the 
present invention, and the terminal IN corresponds to 
the unbalanced type terminal of the present invention. 
[0168] In Figure 14, the surface acoustic wave filter is 
constituted by the first-stage filter track 6 and the sec- 
ond-stage filtertrack 1 2 each placed on the piezoelectric 
substrate. 

[0169] The first-stage filtertrack 6 comprises the first, 
second and third IDT electrodes 1,2 and 3, and the first 
and second reflector electrodes 4 and 5. Also, the sec- 
ond-stage filtertrack 12 comprises the fourth, fifth and 
sixth IDT electrodes 7, 8 and 9, and the fourth and fifth 
reflector electrodes 1 0 and 11 . 
[0170] The second and third IDT electrodes 2 and 3 
are located on both sides of the first IDT electrode 1, 
and on both side of this arrangement, the first and sec- 
ond reflector electrodes 4 and 5 are located. These IDT 
electrodes and reflector electrodes are arranged in the 
direction of propagation of surface acoustic waves. Al- 
so, the fifth and sixth IDT electrodes 8 and 9 are located 
on both sides of thefourth IDT electrode, and both sides 
of this arrangement, the third and fourth reflector elec- 
trodes 1 0 and 1 1 are located. These IDT electrodes and 
reflector electrodes are arranged in the direction of prop- 
agation of surface acoustic waves. Then, the first-stage 
filtertrack 6 is connected to the second-stage filtertrack 
1 2 in cascade to form a two-stage longitudinal mode fil- 



ter. 

[0171] Furthermore, in Figure 14, the first IDT elec- 
trode 1 and the fourth IDT electrode 7 are arranged in 
such a manner that they are located mutually opposite 
5 to each other, the second IDT electrode 2 and the fifth 
IDT electrode 8 are arranged in such a manner that they 
are located mutually opposite to each other, and the 
third IDT electrode 3 and the sixth IDT electrode 9 are 
arranged in such a manner that they are located mutu- 
10 ally opposite to each other, but the form of their arrange- 
ments is not limited thereto. For example, in Figure 14, 
even an surface acoustic wave filter having the first- 
stage filter track 6 shifted parallel to itself with respect 
to the second-stage filter-track 12 in the direction in 
?5 which the first IDT electrode 1 , the second IDT electrode 
2 and the third IDT electrode 3 are arranged, or an sur- 
face acoustic wave filter having the first-stage filter track 
6 and the second-stage filter track 12 provided on dif- 
ferent piezoelectric substrates makes it possible to 
20 achieve effects equivalent to those of this embodiment. 
In short, for the surface acoustic wave filter of this em- 
bodiment, it is only necessary that the first-stage filter 
track 6 should be connected to the second-stage filter 
track 12 in the cascade to form a two-stage longitudinal 
25 mode filter. 

[0172] The first IDT electrode 1 is constituted by an 
upper electrode 1 a and a lower electrode 1 b, the second 
IDT electrode 2 is constituted by an upper electrode 2a 
and a lower electrode 2b, the third IDT electrode 3 is 
30 constituted by an upper electrode 3a and a lower elec- 
trode 3b, the fourth IDT electrode 7 is constituted by an 
upper electrode 7a and a lower electrode 7b, the fifth 
IDT electrode 8 is constituted by an upper electrode 8a 
and a lower electrode 8b and the sixth IDT electrode 9 
35 is constituted by an upper electrode 9a and a lower elec- 
trode 9b. In this way, the IDT electrodes are each con- 
stituted by a pair of comb electrodes, namely the upper 
and lower electrodes. 

[0173] Also, the upper electrode 1a of the first IDT 
40 electrode 1 is connected to the inputting unbalanced 
type terminal IN and the lower electrode 1b of the first 
IDT electrode 1 is grounded. 

[01 74] The upper electrode 2a of the second I DT elec- 
trode 2 is connected to the upper electrode 8a of the fifth 
45 IDT electrode 8 by a leading electrode 13. The lower 
electrode 2b of the second IDT electrode 2 is grounded. 
[0175] The lower electrode 3b of the third IDT elec- 
trode 3 is connected to the lower electrode 9b of the sixth 
IDT electrode 9 by a leading electrode 14. The upper 
50 electrode 3a of the third IDT electrode 3 is grounded. 
[0176] The upper electrode 7a of the fourth IDT elec- 
trode 7 is connected to one balanced type terminal 
OUT1 of a pair of outputting balanced type terminals, 
and the lower electrode 7b of the fourth IDT electrode 7 
55 is connected to the other balanced type terminal OUT2 
of a pair of outputting balanced type terminals. 
[0177] The lower electrode 8b of the fifth IDT elec- 
trodes and the upper electrode 9a of the sixth IDTelec- 
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trade 9 are both grounded. 

[0178] Also, the leading electrodes 13 and 14 are 
drawn on the piezoelectric substrate provided thereon 
with IDT electrodes such as the first IDT electrode 1. 
Furthermore, at this time, the leading electrodes are 
preferably drawn so that the reactance components of 
the leading electrode 13 and the leading electrode 14 
are identical to each other. Furthermore, the leading 
electrodes 13 and 14 may be drawn on the underlying 
substrate of the piezoelectric substrate Instead of draw- 
ing the leading electrodes on the piezoelectric sub- 
strate. 

[0179] Furthermore, connections to the terminals IN, 
OUT1 and OUT2 are provided in such a manner as to 
lead to terminals outside the piezoelectric substrate by 
wire bonding implementation, face down implementa- 
tion or the like. 

[0180] Also, in each of the above IDT electrodes and 
reflector electrodes, the central pitch between neighbor- 
ing electrode fingers is in the range of from 0.9 x 1/2 to 
1.1 x A/2. Thereby bulk radiation losses can be re- 
duced, thus making it possible to decrease the loss of 
the filter. 

[0181] Operations of this surface acoustic wave filter 
of this embodiment will now be described. 
[0182] By inputting a signal to the unbalanced type 
terminal IN, an surface acoustic wave is produced in the 
first IDT electrode 1. Then, the surface acoustic wave 
produces a plurality of resonance modes by the first and 
second reflector electrodes 4 and 5, By using these res- 
onance modes, filter characteristics can be obtained, 
and conversions into electrical signals are carried out in 
the second IDT electrode 2 and the third IDT electrode 
3, respectively. 

[0183] The electrical signal converted in the second 
IDT electrode 2 is outputted to the upper electrode 8a 
of the fifth IDT electrode 8 through the leading electrode 
13. Also, the electrical signal converted in the third IDT 
electrode 3 is outputted to the upper electrode 9a of the 
sixth IDT electrode 9 through the leading electrode 14. 
At this time, by adjusting in advance the intervals be- 
tween the IDT electrodes of the surface acoustic wave 
filter and the way of connecting electrode fingers, the 
phase of the electrical signal inputted to the leading 
electrode 13 is made opposite to that of the electrical 
signal inputted to the leading electrode 14. 
[0184] The electrical signal inputted to the fifth IDT 
electrode 8 is converted into an surface acoustic wave 
in the fifth IDT electrode 8 and the electrical signal in- 
putted to the sixth IDT electrode 9 is converted into an 
surface acoustic wave in the sixth IDT electrode 9. Then, 
the surface acoustic waves converted in the fifth IDT 
electrode 8 and the sixth IDT electrode 9 are propagated 
through the piezoelectric substrate. The propagated 
surface acoustic waves are reflected at the third and 
fourth reflector electrodes 1 0 and 1 1 , thereby producing 
a plurality of resonance modes. 
[0185] By using these resonance modes, filter char- 



acteristics can be obtained, and the waves are outputted 
from the balanced type terminals OUT1 and OUT2. 
[01 86] The surface acoustic wave filter of the present 
invention is operated in this way. 

5 [0187] In the above embodiments, how to improve the 
degradation of balance characteristics caused by unbal- 
anced parasitic components has been described. Now, 
causes of degradation of balance characteristics will be 
specifically described. 

w [0188] The inventor has compared the filter charac- 
teristics of the conventional surface acoustic wave filter 
(see Figure 27) to the filter characteristics of the surface 
acoustic wave filter of this embodiment (see Figure 14) 
by simulation. 

'5 [0189] The inventor has also carried out simulation 
with respect to the filter characteristics of the aforesaid 
surface acoustic wave filter of Embodiment 1 (see Fig- 
ure 1) and the filter characteristics of the conventional 
surface acoustic wave filter (see Figure 12). 

20 [0190] In the following discussion, (1) the filter char- 
acteristics of the conventional surface acoustic wave fil- 
ter (see Figure 1 2) and the filter characteristic of the sur- 
face acoustic wave filter of Embodiment 1 (see Figure 
1) will be first described, and (2) the filter characteristics 

25 of the conventional surface acoustic wave filter (see Fig- 
ure 27) and the filter characteristics of the surface 
acoustic wave filter of this embodiment (see Figure 14) 
will be then described. 

[0191] (1) Conditions in determining by simulation the 
30 filter characteristics of the conventional surface acoustic 
wave filter (see Figure 12) are shown in Figure 42, and 
the filter characteristics (amplitude balance characteris- 
tic and phase balance characteristic) determined in ac- 
cordance with the conditions are shown in Figure 47. 
35 The amplitude balance characteristic and phase bal- 
ance characteristic are shown for the case where the 
parasitic capacities (capacitance components 4301) in 
two places, generation of which has been predicted by 
the inventor, are both 0.1 pF and where they are both 
40 0.2 pF. 

[0192] These filter characteristics determined by sim- 
ulation have tendencies similar to those of the filter char- 
acteristics determined by experiments (see Figure 41), 
and the aforesaid prediction of generated parasitic ca- 
45 pacities made by the inventor can be appropriate. 
[0193] Conditions in determining by simulation the fil- 
ter characteristics of the surface acoustic wave filter of 
Embodiment 1 (see Figure 1) are shown in Figure 48, 
and the filter characteristics (amplitude balance charac- 
so teristic and phase balance characteristic) determined in 
accordance with the conditions are shown in Figure 49. 
The amplitude balance characteristic and phase bal- 
ance characteristic are shown for the case where the 
parasitic capacities in two places, generation of which 
55 has been predicted by the inventor, are both 0.1 pF and 
where they are both 0.2 pF. Furthermore, Figures 43A 
and 43B show the relationship between the maximum 
value and the minimum value in the parasitic capaci- 
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tance and the passband with respect to the amplitude 
balance characteristic and the phase balance charac- 
teristic. 

[0194] These filter characteristics determined by sim- 
ulation have tendencies similar to those of the filter char- 5 
acteristics determined by experiments, and the afore- 
said prediction of generated parasitic capacities made 
by the inventor can be appropriate. 
[0195] (2) Then, conditions in determining by simula- 
tion the filter characteristics of the conventional surface 10 
acoustic wave filter of Figure 27 are shown in Figure 15, 
and the filter characteristics determined in accordance 
with the conditions are shown in Figure 1 6. 
[0196] In addition, conditions in determining by simu- 
lation the filter characteristics of the surface acoustic '5 
wave filter of this embodiment of Figure 14 are shown 
in Figure 1 7, and the filter characteristics determined in 
accordance with the conditions are shown in Figure 18. 
[0197] First, for the conventional surface acoustic 
wave filter, it has been predicted that because the lead- 20 
ing electrode connecting the balanced type terminal 
OUT1 to the upper electrode 7a of the fourth IDT elec- 
trode 7 is close to the leading electrode 32 as shown in 
Figure 15, a parasitic capacitance 34 is generated by 
these leading electrodes. Also, it has been predicted 25 
that because the leading electrode connecting the bal- 
anced type terminal OUT1 to the upper electrode 7a of 
the fourth IDT electrode 7 is close to the leading elec- 
trode 33, a parasitic capacitance 35 is generated by 
these leading electrodes, Also, it has been predicted 30 
that because the leading electrode connecting the bal- 
anced type terminal OUT2 to the lower electrode 7b of 
the fourth IDT electrode 7 is located at some distance 
from both the leading electrode 32 and leading electrode 
33, the leading electrode connecting the balanced type 35 
terminal OUT2 to the lower electrode 7b of the fourth 
IDT electrode 7 never generates a parasitic capacitance 
either with the leading electrode 32 or with the leading 
electrode 33. 

[0198] Also, the IDT electrodes and reflector elec- 40 
trades were arranged so that the phase of the signal in- 
putted to the leading electrode 32 was opposite to that 
of the signal inputted to the leading electrode 33. 
[0199] As a result of carrying out simulation under 
these simulation conditions, the filter characteristics 45 
shown in Figure 16 have been obtained for the conven- 
tional surface acoustic wave filter. 
[0200] The filter characteristic of the conventional sur- 
face acoustic wave filter determined by simulation is 
shown in Figure 1 6A. Also, the amplitude balance of the so 
conventional surface acoustic wave filter determined by 
simulation is shown in Figure 1 6B. Furthermore, the am- 
plitude balance refers to plotted ratios (unit: decibels) of 
the amplitude of the signal outputted to the balanced 
type terminal OUT1 to the amplitude of the signal out- ss 
putted to the balanced type terminal OUT2, when the 
input signal is inputted from the unbalanced type termi- 
nal IN. Given that an ideal state is provided in which the 



surface acoustic wave filter is completely balanced, the 
signal detected from the balanced type terminal OUT1 
and the signal detected from the balanced type terminal 
OUT2 are identical in amplitude and mutually different 
in phase by 180°. Therefore, as the magnitude of am- 
plitude balance increases, the deviation from the ideal 
state becomes larger. The phase balance of the con- 
ventional surface acoustic wave filter determined by 
simulation is shown in Figure 16C. Furthermore, the 
phase balance refers to plotted differences (unit: de- 
grees) of the phase of the signal outputted to the bal- 
anced type terminal OUT1 and the phase of the signal 
outputted to the balanced type terminal OUT2, when the 
input signal is inputted from the unbalanced type termi- 
nal IN. Given that an ideal state is provided in which the 
surface acoustic wave filter is completely balanced, the 
signal detected from the balanced type terminal OUT1 
and the signal detected from the balanced type terminal 
OUT2 are identical in amplitude and mutually different 
in phase by 180°. Therefore, the phase balance indi- 
cates how the phase difference between the signal de- 
tected from the balanced type terminal OUT1 and the 
signal detected from the balanced type terminal OUT2 
is deviated from 180°. Therefore, as the magnitude of 
phase balance increases, the deviation from the ideal 
state becomes larger. 

[0201 ] Then , for the surface acoustic wave filter of this 
embodiment shown in Figure 14, it has been predicted 
that because the leading electrode connecting the bal- 
anced type terminal OUT1 to the upper electrode 7a of 
the fourth IDT electrode 7 is close to the leading elec- 
trode 1 3 as shown in Figure 1 7, a parasitic capacitance 
36 is generated by these leading electrodes. Also, it has 
been predicted that because the leading electrode con- 
necting the balanced type terminal OUT2 to the lower 
electrode 7b of the fourth IDT electrode 7 is close to the 
leading electrode 14, a parasitic capacitance 37 is gen- 
erated by these leading electrodes. 
[0202] On the other hand, it has been predicted that 
because the leading electrode connecting the balanced 
type terminal OUT1 to the upper electrode 7a of the 
fourth IDT electrode 7 is not close to the leading elec- 
trode 14, these leading electrodes never generate the 
parasitic capacitance therebetween. Also, it has been 
predicted that because the leading electrode connecting 
the balanced type terminal OUT2 to the lower electrode 
7b of the fourth I DT electrode 7 is not close to the leading 
electrode 13, these leading electrodes never generate 
the parasitic capacitance therebetween. 
[0203] Also, the IDT electrodes and reflector elec- 
trodes were arranged so that the phase of the signal in- 
putted to the leading electrode 1 3 was mutually opposite 
to that of the signal inputted to the leading electrode 14. 
[0204] As a result of carrying out simulation under 
these simulation conditions, the filter characteristics 
shown in Figure 18 have been obtained for the surface 
acoustic wave filter of this embodiment. 
[0205] The filter characteristic of the surface acoustic 



20 



39 



EP1 2631 37 A2 



40 



wave filter of this embodiment, determined by simula- 
tion, is shown in Figure 1 8A. Also, the amplitude balance 
of the surface acoustic wave filter of this embodiment, 
determined by simulation, is shown in Figure 18B. Also, 
the phase balance of the surface acoustic wave filter of 
this embodiment, determined by simulation, is shown in 
Figure 18C. 

[0206] If comparing Figure 1 6 and Figure 1 7, for the 
filter characteristic of the surface acoustic wave filter of 
this embodiment shown in Figure 17A, the attenuation 
limit is obtained outside the passband, and there is a 
rapid attenuation outside the passband. For the filter 
characteristic of the conventional surface acoustic wave 
filter shown in Figure 1 6A, on the other hand, the atten- 
uation limit is not obtained outside the passband, and 
there is no rapid attenuation outside the passband. 
[0207] Also, for the amplitude balance of the surface 
acoustic wave filter of this embodiment shown in Figure 
18B, a good characteristic is obtained over a wide fre- 
quency range. On the other hand, the amplitude balance 
of the conventional surface acoustic wave filter shown 
in 1 6B is degraded compared to the amplitude balance 
shown in Figure 18B. 

[0208] Also, for the phase balance of the surface 
acoustic wave filter of this embodiment shown in Figure 
18C, a good characteristic is obtained over a wide fre- 
quency range. On the other hand, the phase balance of 
the conventional surface acoustic wave filter shown in 
Figure 1 6C is degraded compared to the phase balance 
shown in Figure 18C. 

[0209] In this way, as a result of determining by sim- 
ulation the characteristics of the surface acoustic wave 
filter of this embodiment and the characteristics of the 
conventional surface acoustic wave filter, it has been 
found that the surface acoustic wave filter of this em- 
bodiment has better balance characteristics and has a 
better filter characteristic than the conventional surface 
acoustic wave filter. 

[0210] This result may be interpreted as follows. That 
is, for the surface acoustic wave filter of this embodi- 
ment, it can be considered that because the parasitic 
component produced by the leading electrode connect- 
ing the balanced type terminal OUT1 to the upper elec- 
trode 7a of the fourth IDT electrode 7 and the leading 
electrode 13 is substantially identical to the parasitic 
component produced by the leading electrode connect- 
ing the balanced type terminal OUT2 to the lower elec- 
trode 7b of the fourth IDT electrode 7 and the leading 
electrode 14, an surface acoustic wave filter having 
good balance characteristics and a good filter charac- 
teristic can be obtained. For the conventional surface 
acoustic wave filter, however, it can be considered that 
because the parasitic component produced by the lead- 
ing electrode connecting the balanced type terminal 
OUT1 to the upper electrode 7a of the fourth IDT elec- 
trode 7 and the leading electrodes 32 and 33 is different 
from the unbalanced parasitic component produced by 
the leading electrode connecting the balanced type ter- 



minal OUT2 to the lower electrode 7b of the fourth IDT 
electrode 7 and the leading electrodes 32 and 33, the 
balance characteristics and filter characteristic are both 
degraded compared to the surface acoustic wave filter 

5 of this embodiment. 

[0211] In addition, the improved characteristics of the 
surface acoustic wave filter of this embodiment can also 
be attributed to the fact that the phase of the signal in- 
putted to the leading electrode 13 is mutually opposite 

10 to the phase of the signal inputted to the leading elec- 
trode 14. 

[0212] Then, the characteristics of the surface acous- 
tic wave filter of this embodiment of Figure 14 and the 
characteristics of the conventional surface acoustic 
15 wave filter of Figure 27 have been determined by exper- 
iments. 

[0213] The characteristics of the surface acoustic 
wave filter of this embodiment determined by experi- 
ments are shown in Figure 19, and the characteristics 

20 of the conventional surface acoustic wave filter deter- 
mined by experiments are shown in Figure 20. 
[021 4] The filter characteristic of the surface acoustic 
wave filter of this embodiment determined by experi- 
ments is shown in Figure 1 9A, the amplitude balance of 

25 the surface acoustic wave filter of this embodiment de- 
termined by experiments is shown in Figure 19B, and 
the phase balance of the surface acoustic wave filter of 
this embodiment determined by experiments is shown 
in Figure 19C. 

30 [0215] Also, the filter characteristic of the convention- 
al surface acousticwave filter determinedby experi- 
ments is shown in Figure 20A, the amplitude balance of 
the conventional surface acousticwave filter determined 
by experiments is shown in Figure 20B, and the phase 
35 balance of the conventional surface acoustic wave filter 
determined by experiments is shown in Figure 20C. 
[0216] If comparing Figure 19 and Figure 20, for the 
filter characteristic of the surface acoustic wave filter of 
this embodiment shown in Figure 19, the attenuation 
40 limit is obtained outside the passband, and the charac- 
teristic of rapid attenuation is obtained outside the pass- 
band. Forthefilter characteristic of theconventional sur- 
face acoustic wave filter shown in Figure 20A, on the 
other hand, the attenuation limit is not obtained outside 
45 the passband, and the characteristic of rapid attenuation 
is not obtained outside the passband. 
[0217] Also, for the amplitude balance of the surface 
acoustic wave filter of this embodiment shown in Figure 
19B, a good characteristic is obtained over a wide fre- 
50 quency range. On the other hand, the amplitude balance 
of the conventional surface acoustic wave filter shown 
in Figure 20B is degraded compared to the amplitude 
balance shown in Figure 19B. 
[0218] Also, for the phase balance of the surface 
55 acoustic wave filter of this embodiment shown in Figure 
19C, a good characteristic is obtained over a wide fre- 
quency range. On the other hand, the phase balance of 
the conventional surface acoustic wave filter shown in 
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Figure 20C is degraded compared to the phase balance 
shown in Figure 19C. 

[0219] In this way, the characteristics determined by 
simulation are generally similar to those determined by 
experiments. That is, in any case, the surface acoustic 
wave filter of this embodiment has better balance char- 
acteristics and a better filter characteristic than the con- 
ventional surface wave filter. 

[0220] In this way, the influence by the parasitic com- 
ponent produced with the leading electrode from the bal- 
anced type terminal OUT1 can be substantially equal- 
ized with the influence by the parasitic component pro- 
duced with the leading electrode from the balanced type 
terminal OUT2 by turning upside down the connection 
between the leading electrode 1 3 and the fifth IDT elec- 
trode 8 with respect to the connection between the lead- 
ing electrode 14 and the sixth IDT electrode 9, and 
therefore degradation of balance characteristics can be 
prevented, thus making it possible to achieve an surface 
acoustic wave filter having good characteristics. 
[0221] Furthermore, the electrode fingers in each IDT 
electrode are arranged so that surface acoustic waves 
do not balance each other out. That is, given that the 
upper electrode 1a of the first IDT electrode 1 connected 
to the unbalanced type terminal IN is positive (+), and 
the lower electrode 1b of the first IDT electrode 1 
grounded is negative (-), an arrangement with electrode 
fingers being identical in phase in terms of polarity is 
provided as shown in Figure 21 . Therefore, even the 
configuration shown in Figure 22 makes it possible to 
achieve an effect equivalent to that of this embodiment, 
provided that the configuration is such that the arrange- 
ments of the electrode fingers do not allow the surface 
acoustic waves to be cancelled out. That is, Figure 22 
shows a configuration in which the arrangement of the 
upper electrodes 2a and 3a and the lower electrodes 2b 
and 3b of the second and third IDT electrodes 2 and 3 
is shifted by one electrode finger, and the arrangement 
of the upper electrodes 8a and 9a and the lower elec- 
trodes 8b and 9b of the fourth and fifth IDT electrodes 
is shifted by one electrode finger. It also shows an con- 
figuration in which the lower electrode 2b of the second 
IDT electrode 2 is connected to the lower electrode 8b 
of the fifth IDT electrode 8 by the leading electrode 15, 
and the upper electrode 3a of the third IDT electrode 3 
is connected to the upper electrode 9a of the sixth IDT 
electrode 9 by the leading electrode 1 6. 
[0222] In this way, even the configuration in which the 
connections of the leading electrodes 13 and 14 of the 
surface acoustic wave filter of Figure 1 4 are turned up- 
side down makes it possible to achieve an effect equiv- 
alent to that of this embodiment. Furthermore, this is not 
a limiting case if the electrode is weighted. Here, weight- 
ing the electrode refers to the case where at least any 
one of electrode fingers is lead from an electrode locat- 
ed on the opposite side, while in the first IDT electrode 
1 of Figure 14, for example, the electrode finger lead 
from the upper electrode 1a and the electrode finger 



lead from the lower electrode 1b are arranged in an al- 
ternating manner. 

[0223] Furthermore, in this embodiment, the signal is 
inputtedtothe unbalanced type terminal IN, andthesig- 

5 nal is outputted from a pair of unbalanced type terminals 
OUT1 and OUT2, but this is not a limiting case. Even if 
the signal is inputted from a pair of balanced type termi- 
nals OUT1 and OUT2, and the signal is outputted from 
the unbalanced type terminal IN, an effect equivalent to 

10 that of this embodiment can be achieved. 

[0224] Also, in this embodiment, the IDT electrodes 
and reflector electrodes are arranged so that the phase 
of the signal inputted to the leading electrode 13 is op- 
posite to the phase of the signal inputted to the leading 

is electrode 1 4, but this is not a limiting case. The I DT elec- 
trodes and reflector electrodes may be arranged so that 
the phase of the signal inputted to the leading electrode 
13 is identical to the phase of the signal inputted to the 
leading electrode 14. 

20 [0225] For the case where the IDT electrodes and re- 
flector electrodes are arranged so that the phase of the 
signal inputted to the leading electrode 1 3 is identical to 
the phase of the signal inputted to the leading electrode 
1 A, the filter characteristics of the surface acoustic wave 

25 filter of this embodiment and the filter characteristics of 
the conventional surface acoustic wave filter were de- 
termined by simulation and compared to each other. 
[0226] For the conventional surface acoustic wave fil- 
ter, the arrangements of the second and fifth IDT elec- 

30 trades 2 and 8 were adjusted in the above described 
simulation conditions of Figure 15, whereby the phase 
of the signal inputted to the leading electrode 32 was 
identical to the phase of thesignal inputted to the leading 
electrode 33. Other simulation conditions are similar to 

35 those of Figure 15. 

[0227] Also, for the surface acoustic wave filter of this 
embodiment, the arrangements of the third and sixth 
IDT electrodes 3 and 9 were adjusted in the above de- 
scribed simulation conditions of Figure 17, whereby the 

40 phase of the signal inputted to the leading electrode 1 3 
was identical to the phase of the signal inputted to the 
leading electrode 14. Other simulation conditions are 
similar to those of Figure 1 7. 

[0228] The filter characteristics of the conventional 
45 surface acoustic wave filter determined as a result of 
carrying out simulation under these simulation condi- 
tions are shown in Figure 28. Specifically, Figure 28A 
shows the filter characteristic of the conventional sur- 
face acoustic wave filter determined by simulation, and 
so Figure 28B shows the phase balance of the convention- 
al surface acoustic wave filter determined by simulation. 
[0229] Also, the filter characteristics of the surface 
acoustic wave filter of this embodiment determined as 
a result of carrying outsimulation underthesesimulation 
55 conditions are shown in Figure 29. Specifically, Figure 
29A shows the filter characteristic of the surface acous- 
tic wave filter of this embodiment determined by simu- 
lation, and Figure 29B shows the phase balance of the 
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surface acoustic wave filter of this embodiment deter- 
mined by simulation. 

[0230] If comparing Figure 28 and Figure 29, for the 
filter characteristic of the surface acoustic wave filter of 
this embodiment shown in Figure 29A, the attenuation 5 
limit is obtained outside the passband, and there is a 
rapid attenuation outside the passband. For the filter 
characteristic of the conventional surface acoustic wave 
filter shown in Figure 28A, on the other hand, the atten- 
uation limit is not obtained outside the passband, and '0 
there is no rapid attenuation outside the passband. 
[0231] Also, forthe amplitude balance determined by 
simulation (not shown) , it has been found that the sur- 
face acoustic wave filter of this embodiment is slightly 
superior to the conventional surface acoustic wave filter. '5 
[0232] Also, the phase balance of the surface acous- 
tic wave filter of this embodiment shown in Figure 29B 
is superior to the phase balance of the conventional sur- 
face acoustic wave filter shown in Figure 28B by about 
2 degrees. In this way, the surface acoustic wave filter 20 
of this embodiment is still slightly superior in phase bal- 
ance to the conventional surface acoustic wave filter. 
[0233] In addition, when thefilter characteristics of the 
surface acoustic wave filter of this embodiment shown 
in Figure 29 are compared to the filter characteristics of 25 
Figure 1 6 determined as a result of carrying out simula- 
tion of the conventional surface acoustic wave filter un- 
der the simulation conditions of Figure 1 5, namely under 
the situation in which the signal phases for the leading 
electrodes are mutually opposite, the attenuation limit is 30 
obtained for the surface acoustic wave filter of this em- 
bodiment shown in Figure 29 while the attenuation limit 
is not obtained for the filter characteristics of Figure 1 6 
so far as the filter characteristic is concerned, setting 
aside the amplitude balance and phase balance. Thus, 35 
forthe filter characteristic, the surface acoustic wave fil- 
ter of this embodiment where the phase of the signal 
inputted to the leading electrode 32 is identical to the 
phase of the signal inputted to the leading electrode 33 
has apparently a better characteristic than the conven- 40 
tional surface acoustic wave filter in which the phases 
of signals inputted to the leading electrodes are mutually 
opposite. 

[0234] In this way, even if the IDT electrodes and re- 
flector electrodes are arranged so that the phase of the 45 
signal inputted to the leading electrode 1 3 is identical to 
the phase of the signal inputted to the leading electrode 
1 4, a filter characteristic better than that of the conven- 
tional surface acoustic wave filter can be obtained. 

(Embodiment 8) 

[0235] The surface acoustic wave filter of Embodi- 
ment 8 of the present invention will be described below 
referring to the drawings. Figure 23 is a schematic dia- ss 
gram of the surface acoustic wave filter in Embodiment 
8. 

[0236] The surface acoustic wave filter of this embod- 



iment is a longitudinal mode type surface acoustic wave 
filter having unbalanced-balanced type input/output ter- 
minals as in the case of the aforementioned Embodi- 
ment 7. 

[0237] Furthermore, the parts identical to those of the 
aforementioned Embodiment 7 in the surface acous- 
ticwave filter of this embodiment are given the same 
symbols, and detailed description thereof are not pre- 
sented. 

[0238] In Figure 23, the surface acoustic wave filter is 
constituted by the first-stage filter track 6 and the sec- 
ond-stage filtertrack 1 2 each placed on the piezoelectric 
substrate. 

[0239] The first-stage filtertrack 6 comprises the first, 
second and third IDT electrodes 1 , 2 and 3, and the first 
and second reflector electrodes 4 and 5. Also, the sec- 
ond-stage filter track 1 2 comprises the fourth, fifth and 
sixth IDT electrodes 7, 8 and 9, and the fourth and fifth 
reflector electrodes 1 0 and 1 1 . 
[0240] For the surface acoustic wave filter of this em- 
bodiment, unlike the surface acoustic wave filter de- 
scribed using Figure 14 in the aforementioned Embod- 
iment 7, the lower electrode 2b of the second IDT elec- 
trode 2 is connected to the upper electrode 8a of the fifth 
IDT electrode 8 by a leading electrode 17. 
[0241] Other aspects are same as those of the afore- 
mentioned Embodiment 7. 

[0242] Operations of this embodiment will nowbede- 
scribed focusing on points of difference between this 
embodiment and the aforementioned Embodiment 7. 
[0243] In this. embodiment, the IDT electrodes are ar- 
ranged in advance so that the phase of the signal input- 
ted to the leading electrode 1 7 is opposite to the phase 
of the signal inputted to the leading electrode 18 as in 
the case of the aforementioned Embodiment 7. 
[0244] In the aforementioned Embodiment 7 , the 
leading electrode 1 3 is lead from the upper electrode 2a 
of the second IDT electrode 2, and therefore the leading 
electrode 13 is located in close vicinity to the leading 
electrode connecting the unbalanced type terminal IN 
to the upper electrode 1a of the first IDT electrode 1. 
Thus, in consideration of bonding between these lead- 
ing electrodes, the leading electrode 1 7 and the leading 
electrode 1 8 are preferably lead from the lower elec- 
trode 2b of the second IDT electrode 2 and the lower 
electrode 3b of the third IDT electrode 3, respectively. 
That is, for the surface acoustic wave filter of this em- 
bodiment, both the leading electrodes 1 7 and 1 8 are lo- 
cated at greater distances from the leading electrode 
connecting the unbalanced type terminal IN to the upper 
electrode 1 a of the first IDT electrode 1 compared to Em- 
bodiment 1 . Thus, the influence of the parasitic compo- 
nent produced by the leading electrodes 1 7 and 1 8 with 
the leading electrode connecting the unbalanced type 
terminal I N to the upper electrode 1 a of the first I DT elec- 
trode 1 is less significant compared to the a foremen- 
tioned Embodiment 7. 

[0245] In this way, the leading electrodes 17 and 18 
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are drawn so that bonding between themselves and the 
leading electrode connecting the unbalanced type ter- 
minal IN to the upper electrode 1 a of the first IDT elec- 
trode 1 is reduced compared to the aforementioned Em- 
bodiment 7, thus making it possible to achieve an sur- 
face acoustic wave filter having good filter characteris- 
tics. 

[0246] Furthermore, the electrode fingers in each IDT 
electrode are arranged so that surface acoustic waves 
do not balance each other out as in the case of afore- 
mentioned Embodiment?. 

[0247] Therefore, even the configuration shown in 
Figure 24 makes it possible to achieve an effect equiv- 
alent to that of this embodiment, provided that the con- 
figuration is such that the arrangements of the electrode 
fingers do not allow the surface acoustic waves to be 
cancelled out. That is, Figure 24 shows a configuration 
in which the arrangement of the upper electrodes 8a and 
9a and the lower electrodes 8b and 9b of the fourth and 
fifth IDT electrodes 8 and 9 is shifted by one electrode 
finger. It also shows a configuration in which the lower 
electrode 2b of the second IDT electrode 2 is connected 
to the lower electrode 8b of the fifth IDT electrode 7 by 
a leading electrode 19, and the lower electrode 3b of the 
third IDT electrode 3 is connected to the upper electrode 
9a of the sixth I DT electrode 9 by a leading electrode 20. 
[0248] In this way, even if the connection of the lead- 
ing electrodes 17 and 18 of the surface acoustic wave 
filter of Figure 23 is turned upside down, an effect equiv- 
alent to that of this embodiment can be achieved. 

(Embodiment 9) 

[0249] The surface acoustic wave filter of Embodi- 
ment 9 of the present invention will be described below 
referring to the drawings. Figure 25 is a schematic dia- 
gram of the surface acoustic wave filter in Embodiment 

9. 

[0250] The surface acoustic wave filter of this embod- 
iment is a longitudinal mode type surface acoustic wave 
filter having unbalanced-balanced type input/output ter- 
minals as in the case of the aforementioned Embodi- 
ment 7. 

[0251] The parts identical to those of the aforemen- 
tioned Embodiment 7 in the surface acoustic wave filter 
of this embodiment are given the same symbols, and- 
detailed description thereof are not presented. 
[0252] Furthermore, a fourth IDT electrode 21 corre- 
sponds to the first IDT electrode of the present invention. 
[0253] In Figure 25, the surface acoustic wave filter is 
constituted by the first-stage filter track 6 and the sec- 
ond-stage filtertrack 1 2 each placed on the piezoelectric 
substrate. 

[0254] The first-stage filtertrack 6 comprises the first, 
second and third IDT electrodes 1 , 2 and 3, and the first 
and second reflector electrodes 4 and 5 as in the case 
of the aforementioned Embodiment 7. Also, the second- 
stage filter track 1 2 comprises the fourth, fifth and sixth 



IDT electrodes 21 , 8 and 9, and the fourth and fifth re- 
flector electrodes 1 0 and 11 as in the case of the afore- 
mentioned Embodiment 7. 

[0255] For the surface acoustic wave filter of this em- 
5 bodiment, unlike the aforementioned Embodiment 7, 
the fourth IDT electrode 21 is divided into a first seg- 
mented IDT electrode 22 and a second segmented IDT 
electrode 23. 

[0256] That is, the upper electrode 22a located on the 
10 side of the first-stage filtertrack 6, of the upper electrode 
22a and lower electrode 22b of the first segmented IDT 
electrode 22, is connected to the balanced type terminal 
OUT1 of a pair of balanced type terminals. Also, the low- 
er electrode 22b located on the side opposite to the first- 
's stage filtertrack 6, of the upper electrode 22a and lower 
electrode 22b of the first segmented IDT electrode 22, 
is grounded. 

[0257] Also, the lower electrode 23b located on the 
side opposite to the first filter track 6, of the upper elec- 
20 trode 23a and lower electrode 23b of the second seg- 
mented IDT electrode 23, is connected to the balanced 
type terminal OUT2 of a pair of balanced type terminals. 
The upper electrode 23a located on the side of the first 
filtertrack 6, of the upper electrode 23a and lower elec- 
ts trade 23b of the second segmented IDT electrode 23, 
is grounded. 

[0258] Other aspects are same as the aforemen- 
tioned Embodiment 7. 

[0259] Operations of this embodiment will nowbede- 

30 scribed focusing on points of difference between this 
embodiment and the aforementioned Embodiment 7. 
[0260] For the surface acoustic wave filter of this em- 
bodiment, the fourth IDT electrode 21 is divided into the 
first segmented IDT electrode 22 and the second seg- 

35 mented IDT electrode 23, thereby making it possible to 
secure isolation between the balanced type terminal 
OUT1 and the balanced type terminal OUT2. 
[0261] Also, provided that the number of electrode fin- 
gers is fixed, the number of widths of arms is fixed, and 

40 the central pitch between adjacent electrode fingers is 
fixed in the fourth IDT electrode 21 , the impedances of 
the balanced type terminal OUT1 and the balanced type 
terminal OUT2 are higher when thefourth IDT electrode 
21 is divided into the first segmented IDT electrode 22 

45 and the second segmented IDT electrode 23 than when 
thefourth IDT electrode 21 is not divided. Therefore, by 
dividing the fourth IDT electrode 21 into the first seg- 
mented IDT electrode 22 and the second segmented 
IDT electrode 23, an surface acoustic wave filter can be 

so achieved in which the filter characteristic of the filter is 
substantially unchanged, and the output impedances of 
the balanced type terminals OUT1 and OUT2 are high, 
with conditions such as the number of electrode fingers 
of the fourth IDT electrode 21 being fixed. 

55 [0262] Furthermore, inthesurfaceacousticwavefilter 
of this embodiment, the upper electrode 4a of the sec- 
ond IDT electrode 4 is connected to the upper electrode 
8a of the fifth IDT electrode 8 by the leading electrode 
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13, and the lower electrode 3b of the third IDT electrode 
3 is connected to the lower electrode 9b of the sixth IDT 
electrode 9 by the leading electrode 1 4, but this is not a 
limiting case. The lower electrode 2b of the second IDT 
electrode 2 may be connected to the lower electrode 8b 5 
of the fifth IDT electrode 8 by the leading electrode 13, 
and the upper electrode 3a of the third IDT electrode 3 
may be connected to the upper electrode 9a of the sixth 
IDT electrode 9 by the leading electrode 14. Further- 
more, in this case, each surface acoustic wave filter is 10 
arranged so that surface acoustic waves do not balance 
each other out. 

[0263] Also, as described in the aforesaid Embodi- 
ment 8, the leading electrode 1 3 may be drawn from the 
lower electrode 2b of the second IDT electrode 2 in the '5 
first-stage filter track 6. In this case, the influence of the 
parasitic component produced with the leading elec- 
trode connecting the unbalanced type terminal IN to the 
upper electrode 1a of the first IDT electrode 1 can be 
decreased. 20 
[0264] Also, in a similar way, the third IDT electrode 
of the surface acoustic wave filter described in the afore- 
mentioned Embodiment 8 maybe divided into a first seg- 
mented IDT electrode 22 and a second segmented IDT 
electrode 23 as in the case of the fourth IDT electrode 25 
21 of this embodiment. 

(Embodiment 10) 

[0265] The surface acoustic wave filter of Embodi- 30 
ment 1 0 of the present invention will be described below 
referring to the drawings. Figure 26 is a schematic dia- 
gram of the surface acoustic wave filter in Embodiment 
10. 

[0266] The surface acoustic wave filter of this embod- 35 
iment is a longitudinal mode type surface acoustic wave 
filter having unbalanced-balanced type input/output ter- 
minals as in the case of the aforementioned Embodi- 
ment 9. 

[0267] The parts identical to those of the aforemen- 40 
tioned Embodiment 9 in the surface acoustic wave filter 
of this embodiment are given the same symbols, and 
detailed description thereof are not presented. 
[0268] Furthermore, a fourth IDT electrode 26 corre- 
sponds to the first IDT electrode of the present invention. 45 
[0269] In Figure 26, the surface acoustic wave filter is 
constituted by the first-stage filter track 6 and the sec- 
ond-stage filtertrack 1 2 each placed on the piezoelectric 
substrate. 

[0270] The first-stage filtertrack 6 comprises the first, so 
second and third IDT electrodes 1,2 and 3, and the first 
and second reflector electrodes 4 and 5 as in the case 
of the aforementioned Embodiment 7. Also, the second- 
stage filter track 1 2 comprises the fourth, fifth and sixth 
IDT electrodes 26, 8 and 9, and the fourth and fifth re- 55 
fleeter electrodes 1 0 and 11 as in the case of the afore- 
mentioned Embodiment 7. 

[0271] For the surface acoustic wave filter of this em- 



bodiment, unlike the aforementioned Embodiment 9, 
the fourth IDT electrode 26 is divided into a first seg- 
mented IDT electrode 27, a second segmented IDT 
electrode 28 and a third segmented IDT electrode 29. 
[0272] That is, the upper electrode 27a located on the 
side of the first-stage filtertrack 6, of the upper electrode 
27a and lower electrode 27b of the first segmented IDT 
electrode 27, is connected to the balanced type terminal 
OUT1 of a pair of balanced type terminals. Also, the low- 
er electrode 27b located on the side opposite to the first- 
stage filter track 6, of the upper electrode 27a and lower 
electrode 27b of the first segmented IDT electrode 27, 
is grounded. 

[0273] Also, the upper electrode 28a located on the 
side of the first-stage filtertrack 6, of the upper electrode 
28a and the lower electrode 28b of the second segment- 
ed IDT electrode 28, isconnectedto the upper electrode 
27a of the first segmented IDT electrode 27. The lower 
electrode 28b located on the side opposite to the first- 
stage filter track 6, of the upper electrode 28a and the 
lower electrode 28b of the second segmented IDT elec- 
trode 28, is connected to the lower electrode 29b located 
on the side opposite to the first-stagefi Iter track 6, of the 
upper electrode 29a and the lower electrode 29b of the 
third segmented IDT electrode 29. 
[0274] Also, the upper electrode 29a located on the 
side of the first-stage filtertrack 6, of the upper electrode 
29a and the lower electrode 29b of the third segmented 
IDT electrode 29, is grounded, Also, the lower electrode 
29b of the third segmented IDT electrode 29 is connect- 
ed to the balanced type terminal OUT2 of a pair of bal- 
anced type terminals. 

[0275] Other aspects are same as the aforemen- 
tioned Embodiment 9. 

[0276] Operations of this embodiment will nowbede- 
scribed focusing on points of difference between this 
embodiment and the aforementioned Embodiment 9. 
[0277] Provided that the number of electrode fingers 
is fixed, the number of widths of arms is fixed, and the 
central pitch between adjacent electrode fingers is fixed 
in the fourth IDT electrode 26, the impedances of the 
balanced type terminal OUT1 and the balanced type ter- 
minal OUT2 are higher when the fourth IDT electrode 
26 is divided into the first segmented IDT electrode 27, 
the second segmented IDT electrode 28 and the third 
segmented IDT electrode 29 than when the fourth IDT 
electrode 26 is not divided. Therefore, by dividing the 
fourth IDT electrode 26 into the first segmented IDT 
electrode 27, the second segmented IDT electrode 28 
and the third segmented IDT electrode 29, an surface 
acoustic wave filter can be achieved in which the output 
impedances of the balanced type terminals OUT1 and 
OUT2 are high, if conditions such as the number of elec- 
trode fingers of the fourth IDT electrode 28 are fixed. In 
addition, if conditions such as the number of electrode 
fingers of the fourth IDT electrode 26 are fixed, the sur- 
face acoustic wave filter in which the fourth IDT elec- 
trode 28 is divided has characteristics substantially 
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identical to those of the surface acoustic wave filter in 
which the fourth IDT electrode 28 is not divided. 
[0278] Therefore, by dividing the fourth IDT electrode 
28, an surface acoustic wave filter with increased im- 
pedances of the balanced type terminals OUT1 and 
OUT2 can be achieved without changing the filter char- 
acteristics by dividing the fourth IDT electrode 28. 
[0279] In addition, by adjusting the ratios of the 
number of electrode fingers of the second segmented 
IDT electrode 28 to the numbers of electrode fingers of 
the first and third segmented IDT electrodes 27 and 29, 
the impedances of the balanced type terminals OUT1 
and OUT2 can be adjusted. 

[0280] In this way, by dividing the fourth IDT electrode 
26, the impedance can be controlled. 
[0281] Furthermore, as described in the aforemen- 
tioned Embodiment 8, the leading electrode 13 may be 
drawn from the lower electrode 2b of the second IDT 
electrode 2 in the first-stage filter track 6. In this case, 
the influence of the parasitic component between the 
leading electrode 1 3 and the leading electrode connect- 
ing the unbalanced type terminal IN to the upper elec- 
trode 1a of the first IDT electrode 1 can be reduced. 
[0282] Furthermore, in Embodiments 7 to 10, the 
fourth segmented IDT electrode is divided into segment- 
ed IDT electrodes, but this is not a limiting case, and all 
or some of the first, second, third, fourth, fifth and sixth 
I DT electrodes may be divided into segmented IDT elec- 
trodes. If the first IDT electrode is divided into segment- 
ed IDT electrodes , an surface acoustic wave filter in 
which the impedance of the unbalanced type terminal 
IN is increased can be achieved. 
[0283] Also, in Embodiments 7 to 10, the number of 
segmented IDT electrodes into which the IDT electrode 
is divided is 2 or 3, but the IDT electrode may be divided 
into four or more of segmented IDT electrodes. 
[0284] Also, in Embodiments 7 to 1 0, the unbalanced 
type electrode IN is located on the side of the upper elec- 
trode 1 a of the first IDT electrode 1 : namely it is located 
on the side opposite to the second-stage filter track 1 2 
in the first-stage filter track 6, and the upper electrode 
1 a of the first IDT electrode 1 is connected to the unbal- 
anced type terminal IN, but this is not a limiting case. 
The configuration is also possible in which the unbal- 
anced type terminal IN is located on the side of the lower 
electrode 1 b of the first IDT electrode 1 : namely it is lo- 
cated on the side of the second-stage filter track 12 in 
the first-stage filter-track 6, and the lower electrode 1b 
of the first IDT electrode 1 is connected to the unbal- 
anced type terminal IN. The configuration is also possi- 
ble in which the unbalanced type terminal IN is located 
on the side of the upper electrode 1 a of the first IDT elec- 
trode 1 , and the lower electrode 1 b of the first IDT elec- 
trode 1 is connected to the unbalanced type electrode 
IN. The configuration is also possible in which the un- 
balanced type terminal IN is located on the side of the 
lower electrode 1 b of the first IDT electrode 1 , and the 
upper electrode 1a of the first IDT electrode 1 is con- 



nected to the unbalanced type terminal IN. 
[0285] Also, in Embodiments 7 to 1 0, the upper elec- 
trode 1 a of the first IDT electrode 1 is connected to the 
unbalanced type terminal IN, but this is not a limiting 

5 case. Forthese surface acoustic wave filters, the upper 
electrode 1 a and the lower electrode 1 b of the first IDT 
electrode 1 may be connected to one and the other bal- 
anced type terminal of a pair of terminals different from 
the pair of balanced type terminals OUT1 and OUT2, 

10 respectively. In this case, a balanced-balancedtype sur- 
face acoustic wave filter is obtained. Then, the parasitic 
component between the leading electrode lead from 
one of the different pair of balanced type terminals and 
the leading electrode connecting the first-stage filter 

15 track 6 to the second-stage filter track 1 2 is equivalent 
to the parasitic component between the leading elec- 
trode lead from the other balanced type terminal of the 
different pair of balanced type terminals and the leading 
electrode connecting the first-stage filter track 6 to the 

20 second-stage filter track 12, and therefore a similar ef- 
fect can be achieved. 

[0286] Also, in Embodiments 7 to 10, the second- 
stage filter track 12 is located below the first-stage filter 
track 6, but this is not a limiting case, and the second- 
25 stage filter track 1 2 may be located above the first-stage 
filter track 6 without changing connections by leading 
electrode between the IDT electrodes and the unbal- 
anced type terminal IN and a pair of balanced type ter- 
minals. 

30 [0287] Also, in Embodiments 7 to 10, the electrode 
with no leading electrode connected thereto, of the up- 
per electrode 2a and the lower electrode 2b of the sec- 
ond IDT electrode 2 , is grounded, and the electrode 
with no leading electrode connected thereto, of the up- 

35 per electrode 3a and the lower electrode 3b of the third 
IDT electrode 3, is grounded, but this is not a limiting 
case. If the phase of the signal passing through the lead- 
ing electrode connected to the second IDT electrode 2 
is opposite to the phase of the signal passing through 

40 the leading electrode connected to the third IDT elec- 
trode 3, these electrodes may be electrically connected 
instead of grounding them. 

[0288] Also, in Embodiments 7 to 10, the electrode 
with no leading electrode connected thereto, of the up- 

45 per electrode 8a and the lower electrode 8b of the fifth 
IDT electrode 8, is grounded, and the electrode with no 
leading electrode connected thereto, of the upper elec- 
trode 9a and the lower electrode 9b of the sixth I DT elec- 
trode 9, is grounded, but this is not a limiting case. If the 

so phase of the signal passing through the leading elec- 
trode connected to the fifth IDT electrode 8 is opposite 
to the phase of the signal passing through the leading 
electrode connected to the sixth IDT electrode 9, these 
electrodes may be electrically connected instead of 

55 grounding them. 
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(Embodiment 11) 

[0289] The surface acoustic wave filter of Embodi- 
ment 1 1 of the present invention will be described below, 
referring to mainly Figure 30. 

[0290] Furthermore, a first IDT electrode 31 02 corre- 
sponds to the first IDT electrode of the present invention, 
a second IDT electrode 31 03 corresponds to the second 
IDT electrode of the present invention, and a third IDT 
electrode 3104 corresponds to the third IDT electrode 
of the present invention. Also, a first reflector electrode 
31 05 and a second reflector electrode 31 06 correspond 
to the reflector electrodes of the present invention. Also, 
one of balanced type terminals 31 07 corresponds to one 
of the first balanced type terminals of the present inven- 
tion, and an unbalanced type terminal 3109 corre- 
sponds to the unbalanced type terminal of the present 
invention. Also, a reactance element 3110 corresponds 
to the reactance element of the present invention. 
[0291] Before the configuration of the surface acous- 
tic wave filter (Figure 30) is described, discussions will 
be made on what cause degradation of the balance 
characteristic of the surface acoustic wave filter. For the 
surface acoustic wave filter requiring characteristics 
covering a wide band, which is used in the RF stage, 
piezoelectric substrates made of tantalum lithiumate 
(LiTa0 3 ) and niobium lithiumate (LiNb0 3 ) are generally 
used, and the effective dielectric constants of these 
plates are large with their values equal to about 48 and 
49, respectively. Here, using relative dielectric constant 
tensors z^ T and s 33 T , the effective relative dielectric 
constant is defined by the following formula: 

[Formula 1] 

((£n T ) x (e 33 T )) 1/2 

[0292] In the surface acoustic wave filter, because of 
the large effective dielectric constant of the piezoelectric 
substrate, not only spatial bonding between IDT elec- 
trodes but also bonding due to parasitic components be- 
tween IDT electrodes in the piezoelectric substrate oc- 
curs, and in addition thereto , parasitic components are 
generated in wirings required for connecting IDT elec- 
trodes to terminals, andthelike. Hitherto, improvements 
of balance characteristics by reducing unbalanced par- 
asitic components between wirings have been de- 
scribed in various ways , and a configuration in contem- 
plation of these parasitic components is shown in Figure 

42. The configuration of Figure 42 has a capacitance 
component 4301 provided between IDT electrodes as a 
parasitic component for the surface acoustic wave filter 
of Figure 40. The results of carrying out analyses for fil- 
ters in the 900 MHz band with the capacitance value of 
the capacitance component 4301 being changed in the 
configuration shown in Figure 41 are shown in Figure 

43. LiTa0 3 is used as a piezoelectric substrate. 



[0293] Figures 43A and 43B show the maximum and 
minimum values of the amplitude and phase balance 
characteristics in the passband, respectively. As shown 
in Figures 43A and 43B, the balance characteristic be- 
5 comes poorer as the capacitance value increases. That 
is, it has been demonstrated that as the bonding be- 
tween IDT electrodes by the parasitic component is 
strengthened, the balance characteristic of the surface 
acoustic wave filter becomes poorer. 
10 [0294] The configuration of the surface acoustic wave 
filter allowing the aforementioned degradation in bal- 
ance characteristic to be improved will now be de- 
scribed. The configuration of the longitudinal mode type 
surface acoustic wave filter having balanced type termi- 
15 nals according to the present invention is shown in Fig- 
ure 30. In Figure 30, the surface acoustic wave filter 
comprises first, second and third interdigital transducer 
electrodes 31 02, 31 03 and 31 04 (hereinafter referred to 
as IDT electrodes), and first and second reflector elec- 
20 trades 31 05 and 31 06 on a piezoelectric substrate 31 01 . 
[0295] One electrode finger of the first IDT electrode 
3102 is connected to one of balanced type terminals 
31 07, and the other electrode finger of the first IDT elec- 
trode 31 02 is connected to the other balanced type ter- 
25 minal 3108. Also, the electrode fingers of the second 
and third IDT electrodes 31 03 and 31 04 on one side are 
connected to an unbalanced type terminal 31 09, and the 
electrode fingers on the other side are grounded. In ad- 
dition, the first IDT electrode is connected to the second 
30 and third IDT electrodes 3103 and 3104 with a reac- 
tance element 3110 therebetween. In this case, the re- 
actance element is located between one of balanced 
type terminals 3107 and the unbalanced type terminal 
31 09. The above configuration makes it possible to ob- 
35 tain an surface acoustic wave filter having unbalanced- 
balanced type terminals. 

[0296] Shown in Figure 31 is the characteristic of the 
surface acoustic wave filter in which an inductor is 
placed as a reactance element. LiTa0 3 is used as a pi- 
40 ezoelectric substrate. In addition, the surface acoustic 
wave filter is set so that the resonance frequency of the 
parallel resonance formed by parasitic components 
such as bonding between IDT electrodes and spatial 
bonding, and the placed inductance falls within the 
45 passband. In Figure 31, Figure 31 A shows a pass char- 
acteristic, Figure 31 B shows an amplitude balance char- 
acteristic in the passband, and Figure 31 C shows a 
phase balance characteristic in the passband. As ap- 
parent from Figure 31 , the amplitude balance charac- 
so teristic is -0.2 dB to +0.2 dB, and the phase balance 
characteristic is -4° to +1 ° in the passband, and thus the 
balance characteristics are improved without degrading 
the pass characteristic, compared to the characteristics 
of the surface acoustic wave filter of Figure 41 . 
55 [0297] Furthermore, in Embodiment 11 , the reactance 
element is placed between one of balanced type termi- 
nals 31 07 and the unbalanced type terminal 31 09, as a 
reactance element between the first IDT electrode and 
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the second and third IDT electrodes 31 03 and 31 04, but 
instead thereof, the reactance element may be placed 
between the other balanced type terminal 31 08 and the 
unbalanced type terminal 3109. Also, as shown in Fig- 
ure 32, even if a first reactance element 3301 is placed 
between thef irst IDT electrode and the second IDT elec- 
trode 3103, and a second reactance element 3302 is 
placed between the first IDT electrode and the third IDT 
electrode 31 04, the effect of improving the balance char- 
acteristics can be similarly achieved, as long as parasitic 
components such as bonding between IDT electrodes 
and spatial bonding form the parallel resonance with the 
reactance element, and makes its resonance frequency 
fall within the passband. Furthermore, the first reac- 
tance element 3301 and the second reactance element 
3302 each correspond to the reactance element of the 
present invention. 

(Embodiment 12) 

[0298] The surface acoustic wave filter of Embodi- 
ment 1 2 of the present invention will be described below 
referring to the drawings. The configuration of the lon- 
gitudinal mode type surface acoustic wave filter having 
balanced type terminals of the present invention is 
shown in Figure 33. In Figure 33, the surface acoustic 
wave filter comprises first, second and third IDT elec- 
trodes 3402, 3403 and 3404, and first and second re- 
flector electrodes 3405 and 3406 on a piezoelectric sub- 
strate 3401. 

[0299] One electrode finger of the first IDT electrode 
3402 is connected to one of balanced type terminals 
3407, and the other electrode finger of the first IDT elec- 
trode 3402 is connected to the other balanced type ter- 
minal 3408. Also, one electrode finger ofthe second IDT 
electrode 3403 and the other electrode finger of the third 
IDT electrode 3404 are connected to an unbalanced 
type terminal 3409, and the other electrode finger of the 
second IDT electrode 3403 and one electrode finger of 
the third IDT electrode 3404 are grounded. This config- 
uration is different from that of Figure 30 in that the elec- 
trode finger of the third IDT electrode connected to the 
unbalanced type terminal is turned upside down. The 
above configuration makes it possible to obtain an sur- 
face acoustic wave filter having unbalanced-balanced 
type terminals. 

[0300] Shown in Figure 34 is the characteristic of the 
surface acoustic wave filter of Figure 33. LiTa0 3 is used 
as a piezoelectric substrate. In Figure 34, Figure 34A 
shows a pass characteristic, Figure 34B shows an am- 
plitude balance characteristic in the passband, and Fig- 
ure 34C shows a phase balance characteristic in the 
passband. As apparent from Figure 34, the amplitude 
balance characteristic is -0.8 dB to +0.6 dB, and the 
phase balance characteristic is -5° to +8° in the pass- 
band, and thus the balance characteristics are improved 
compared to the characteristics of the surface acoustic 
wave filter of Figure 41. 



[0301] In this way, the balance characteristic is im- 
proved by turning upside down the connection of the 
electrode fingers of the second and third IDT electrodes 
3403 and 3404, with respect to the connection between 

5 the second and third IDT electrodes 3403 and 3404 and 
the unbalanced type terminal 3409. 
[0302] In addition, the first IDT electrode is connected 
to the second and third IDT electrodes 3403 and 3404 
with a reactance element therebetween. As shown in 

10 Figure 35, a first reactance element 3601 is located be- 
tween one of balanced type terminals 3407 and the un- 
balanced type terminal 3409, and a second reactance 
element 3602 is located between the other balanced 
type terminal 3408 and the unbalanced type terminal 

15 3409. 

[0303] Furthermore, the first IDT electrode 3402 cor- 
responds to the first IDT electrode ofthe present inven- 
tion, the second IDT electrode 3403 corresponds to the 
second IDT electrode of the present invention, and the 

20 third IDT electrode 3404 corresponds to the third IDT 
electrode of the present invention. Also, the first reflec- 
tor electrode 3405 and the second reflector electrode 
3406 correspond to the reflector electrodes of the 
present invention. Also, one of balanced type terminals 

25 3407 corresponds to one of the first balanced type ter- 
minals of the present invention, and the unbalanced 
type terminal 3409 corresponds to the unbalanced type 
terminal of the present invention. Also, the first reac- 
tance element 3601 and the second reactance element 

30 3602 each correspond to the reactance element of the 
present invention. 

[0304] Shown in Figure 36A to 36C are the character- 
istics of the surface acoustic wave filter in which an in- 
ductor is placed as a reactance element. LiTa0 3 is used 
35 as a piezoelectric substrate. In addition, the surface 
acoustic wave filter is set so that the resonance frequen- 
cy of the parallel resonance formed by parasitic compo- 
nents such as bonding between IDT electrodes and spa- 
tial bonding, and the placed inductance falls within the 
40 passband. In Figure 36, Figure 36A shows a pass char- 
acteristic, Figure 36B shows an amplitude balance char- 
acteristic in the passband, and Figure 36C shows a 
phase balance characteristic in the passband. As ap- 
parent from Figure 36, the amplitude balance charac- 
45 teristic is -0.2 dB to +0.4 dB, and the phase balance 
characteristic is -1 ° to +2° in the passband, and thus the 
balance characteristic is significantly improved com- 
pared to the characteristic of the conventional surface 
acoustic wave filter of Figure 40. Also, the balance char- 
so acteristic is improved even compared to the character- 
istic of the surface acoustic wave filter in the configura- 
tion of Figure 33. 

[0305] Furthermore, in Embodiment 12, the first reac- 
tance element 3601 is placed between one of balanced 
55 type terminals 3407 and the unbalanced type terminal 
3409, and the second reactance element 3602 is placed 
between the other balanced type terminal 3408 and the 
unbalanced type terminal 3409, but even if the reac- 
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tance element is placed only in one of the above posi- 
tions, the effect of improving the balance characteristics 
can be similarly achieved, as long as parasitic compo- 
nents such as bonding between I DT electrodes and spa- 
tial bonding form the parallel resonance with the reac- 
tance element, and makes its resonance frequency fall 
within the passband. 

[0306] Furthermore, as shown in Fig. 50, a filter with 
a balanced type terminal can be realized by dividing the 
first IDT electrode 31 02 into two divided IDT electrodes. 
Furthermore, in this case, capacitance of the first IDT 
electrode can be reduced, thus making it possible to set 
its impedance at a higher level. 

(Embodiment 13) 

[0307] The surface acoustic wave filter of Embodi- 
ment-13 of the present invention will be described below 
referring to the drawings. The configuration of the lon- 
gitudinal mode type surface acoustic wave filter having 
balanced type terminals of the present invention is 
shown in Figure 37. 

[0308] Furthermore, a second IDT electrode 3803 
corresponds to the first IDT electrode of the present in- 
vention, a first IDT electrode 3802 corresponds to the 
second IDT electrode of the present invention, and a 
third IDT electrode 3804 corresponds to the third IDT 
electrode of the present invention. Also, a first reflector 
electrode 3805 and a second reflector electrode 3806 
correspond to the reflector electrodes of the present in- 
vention. Also, one of balanced type terminals 3807 cor- 
responds to one of the first balanced type terminals of 
the present invention, the other balanced type terminal 
3808 corresponds to the other of the first balanced type 
terminals of the present invention, and an unbalanced 
type terminal 3809 corresponds to the unbalanced type 
terminal of the present invention. Also, a first reactance 
element 3810 and a second reactance element 3811 
each correspond to the reactance element of the 
present invention. 

[0309] In Figure 37, the surface acoustic wave filter 
comprises first, second and third IDT electrodes 3802, 
3803 and 3804, and first and second reflector electrodes 
3805 and 3806 on a piezoelectric substrate 3801 . 
[0310] One electrode finger of the second IDT elec- 
trode 3803 is connected to one of balanced type termi- 
nals 3807, and one electrode finger of the third I DT elec- 
trode 3804 is connected to the other balanced type ter- 
minal 3808. Also, one electrode finger of the first IDT 
electrode 3802 is connected to one of unbalanced type 
terminals 3807. In addition, one electrode finger of the 
first IDT electrode is connected to one electrode finger 
of the second IDT electrode 3803 and one electrode fin- 
ger of the third IDT electrode 3804 through the first and 
second reactance elements 381 0 and 381 1 , respective- 
ly. That is, as shown in Figure 37, the first reactance 
element 381 0 is located between one of balanced type 
terminals 3807 and the unbalanced type terminal 3809, 



and the second reactance element 3811 is located be- 
tween the other balanced type terminal 3808 and the 
unbalanced type terminal 3809. The above configura- 
tion makes it possible to obtain an surface acoustic 
5 wave filter having unbalanced-balanced type terminals. 
[0311] In the surface acoustic wave filter having the 
configuration described above, parasitic components 
such as bonding between IDT electrodes and spatial 
bonding form the parallel resonance with the first and 
10 second reactance elements 3810 and 3811 , and makes 
its resonance frequency fall within the passband, where- 
by an surface acoustic wave filter having good balance 
characteristics can be achieved. Also, in this configura- 
tion, the numbers of electrode fingers of the second and 
is third IDT electrodes are smaller than the number of the 
electrode fingers of the first IDT electrode 3802, and 
therefore the impedance on the balanced type terminal 
side can be set at a high level compared to the embod- 
iments 11 and 12. 
20 [0312] Furthermore, this embodiment has been de- 
scribed using the surface acoustic wave filter, but as 
shown in Figures 38A and 38B, a filter having good bal- 
ance characteristics can be obtained by configuring in 
a same manner as this embodiment any filter having at 
25 least one balanced type terminal (Figure 38A is electri- 
cally equivalent to FIG 38B; reactance elements 3905' 
and 3906' may be inserted in parallel ). 
[0313] For example, in a filter 3901 . a reactance ele- 
ment 3905 is placed between an unbalanced type ter- 
30 minal 3902 and one of balanced type terminals 3903, 
and the parallel resonance is formed and its resonance 
frequency is made to fall within the passband by para- 
sitic components generated between the balanced type 
terminal and the unbalanced type terminal, and the re- 
35 actance element 3905, whereby good balance charac- 
teristics can be achieved. In this way, a configuration 
similar to that of the surface acoustic wave filter shown 
in Figure 30 is obtained, but it is not necessarily required 
that the reactance element 3905 should be provided on 
40 the piezoelectric substrate. Furthermore, the unbal- 
anced type terminal 3902 corresponds to the unbal- 
anced type terminal 3109 (see Figure 30), one of bal- 
anced type terminals 3903 corresponds to one of bal- 
anced type terminals 31 07 (see Figure 30), and the oth- 
45 er balanced type terminal 3904 corresponds to the other 
balanced type terminal 31 08 (see Figure 30). 
[0314] Also, in the filter 3901, reactance elements 
3905' and 3906' are placed between the unbalanced 
type terminal 3902 and one of balanced type terminals 
so 3903, and the parallel resonance is formed and its res- 
onance frequency is made to fall within the passband 
by parasitic components generated between the bal- 
anced type terminal and the unbalanced type terminal, 
and the reactance elements 3905' and 3906', whereby 
55 good balance characteristics can be achieved. In this 
way, a configuration similar to that of the surface acous- 
tic wave filter shown in Figure 32 is obtained, but it is 
not necessarily required that the reactance elements 
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3905' and 3906' should be provided on the piezoelectric 
substrate. 

[0315] Also, in the filter 3901 , the reactance element 
3905" is placed between the unbalanced type terminal 
3902 and one of balanced type terminals 3903, and the 
reactance element 3906" is placed between the unbal- 
anced type terminal 3902 and the other balanced type 
terminal 3904, and the parallel resonance is formed and 
its resonance frequency is made to fall within the pass- 
band by parasitic components generated between the 
balanced type terminal and the unbalanced type termi- 
nal, and the reactance elements 3905" and 3906", 
whereby good balance characteristics can be ach ieved. 
I n this way, a configuration similar to those of the surface 
acoustic wave filters shown in Figures 35 and 37 is ob- 
tained, but it is not necessarily required that the reac- 
tance elements 3905" and 3906" should be provided on 
the piezoelectric substrate. Furthermore, the unbal- 
anced type terminal 3902 corresponds to the unbal- 
anced type terminal 3409 (see Figure 35), one of bal- 
anced type terminals 3903 corresponds to one of bal- 
anced type terminals 3407 (see Figure 35), and the oth- 
er balanced type terminal 3904 corresponds to the other 
balanced type terminal 3408 (see Figure 35). Further- 
more, the unbalanced type terminal 3902 corresponds 
to the unbalanced type terminal 3809 (see Figure 37), 
one of balanced type terminals 3903 corresponds to one 
of balanced type terminals 3807 (see Figure 37), and 
the other balanced type terminal 3904 corresponds to 
the other balanced type terminal 3808 (see Figure 37). 
[0316] Furthermore, Embodiments 11 to 13 have 
been described with respect to the unbalanced-bal- 
anced type surface acoustic wave filter, but even in the 
case of the balanced-balanced type surface acoustic 
wave filter, which is just different in how the reactance 
element is connected, balance characteristics can be 
similarly improved by setting within the passband the 
resonance frequency of the parallel resonance by par- 
asitic components such as bonding between IDT elec- 
trodes and spatial bonding and the reactance element. 
[0317] Also, Embodiments 11 to 13 have been de- 
scribed using LiTa0 3 as a piezoelectric substrate, but 
other materials such as LiNb0 3 may be used for the pi- 
ezoelectric substrate, and its effect is increased with the 
effective dielectric constant of the piezoelectric sub- 
strate, and any piezoelectric substrate with the effective 
dielectric constant equal to or greater than 40 such as 
LiTa0 3 and LiNb0 3 can bring about a sufficient effect. 
[0318] Also, Embodiments 11 to 13 have been de- 
scribed using an inductance as a reactance element, but 
this is not a limiting case, and a transmission line and 
the like may be used in combination, namely a similar 
improvement effect can be achieved by setting a con- 
figuration such that capacitance components produced 
between terminals balance each other out in thepass- 
band. Also, reactance element is formed in a package 
or is mounted on a substrate. 

[0319] Also, these Embodiments have been de- 



scribed for the one-stage surface acoustic wave filter, 
but a plurality of surface acoustic wave filters connected 
in cascade may also be accepted. 
[0320] Also, Embodiments 11 to 13 have been de- 

5 scribed using the longitudinal mode type filter having 
three electrodes, but even a longitudinal mode type filter 
having two, four (referred to Fig.33 (b)) or five elec- 
trodes, or a ladder-type or symmetric grid-type filter us- 
ing surface acoustic resonators can bring about a similar 

10 effect with respect to balance characteristics as long as 
it has a configuration in which the reactance element is 
placed between the balanced type terminal and other 
terminal in a similar way. 

[0321] Also, as shown in Figure 44 being a schematic 

'5 diagram of an surface acoustic wave filter having a five- 
electrode configuration of the embodiment according to 
the present invention, an surface acoustic wave filter 
comprising IDT electrodes 5001 to 5005 placed sub- 
stantially in the direction of propagation of surface 

20 acoustic waves, wherein (1 ) the IDT electrode 5001 has 
one of its comb electrodes connected to one of balanced 
type terminals 501 1 , and the other comb electrode con- 
nected to the other balanced type terminal 501 2, (2) the 
IDT electrode 5002 has one of its comb electrodes con- 

25 nectedto an unbalanced type terminal 5002, (3) the IDT 
electrode 5103 has one its comb electrodes located on 
the side opposite to the one comb electrode of the IDT 
electrode 5002 connected to the unbalanced type ter- 
minal 5020, (4) the IDT electrode 5104 has one of its 

30 comb electrodes connected to one of balanced type ter- 
minals 5011 , and the other comb electrode connected 
to the other balanced type terminal 5012, and (5) the 
IDT electrode 51 05 has one of its comb electrodes con- 
nected to one of balanced type terminals 501 1 , and the 

35 other comb electrode connected to the other balanced 
type terminal 5012 is included in the present invention. 
[0322] Also, a pad electrode for connecting terminals 
may be connected to a bus bar electrode of the I DT elec- 
trode through a leading electrode, or may be combined 

40 with the bus bar electrode of the IDT electrode as one 
united body. 

[0323] More specifically, as shown in Figure 45 being 
an explanatory view (No. 1) on connection of the pad 
electrode to the bus bar electrode in the surface acoustic 

45 wave filter of the embodiment according to the present 
invention, an surface acoustic wave filter wherein a pad 
electrode 51 01 is connected to bus bar electrodes 5201 
and 5204 through a leading electrode 5301 , a pad elec- 
trode 5102 is connected to a bus bar electrode 5202 

so through a leading electrode 5302, and a pad electrode 

5103 is connected to a bus bar electrode 5203 through 
a leading electrode 5303 is included in the present in- 
vention. Also, as shown in Figure 46 being an explana- 
tory view (No. 2) on connection of the pad electrode to 

55 the bus bar electrode in the surface acoustic wave filter 
of the embodiment according to the present invention, 
an surface acoustic wave filter wherein a pad electrode 

51 04 is combined with a bus bar electrode 5202 as one 
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united body, and a pad electrode 51 05 is combined with 
a bus bar electrode 5203 as one united body is included 
in the present invention. 

(Embodiment 14) 

[0324] The communication device of Embodiment 1 4 
of the present invention will be described below referring 
to the drawings. Shown in Figure 39 is an surface acous- 
tic wave filter of the embodiment of the present inven- 
tion, or a block diagram of a communication device 4001 
using a balanced type filter. 

[0325] In Figure 39, a send signal outputted from a 
transmission circuit is sent from an antenna 4005 
through a transmission amplifier 4002, a transmission 
filter 4003 and a switch 4004. Also, a receive signal re- 
ceived from the antenna 4005 is inputted to a reception 
circuit through the switch 4004, a reception filter 4006 
and a reception amplifier4007. Here, because the trans- 
mission amplifier 4002 is of balanced type, and the 
switch 4004 is of unbalanced type, the transmission filter 
4003 has unbalanced-balanced type terminals. Also, 
because the reception amplifier 4007 is of balanced 
type, and the switch 4004 is of unbalanced type, the re- 
ception filter 4006 has unbalanced-balanced type termi- 
nals. 

[0326] By applying the surface acoustic wave filter or 
the balanced type filter of the embodiment according to 
the present invention to the transmission filter 4003 or 
the reception filter 4006 of the communication device 
4001 , degradation in modulation accuracy during trans- 
mission due to degradation of balance characteristics 
can be curbed, and degradation in sensitivity during re- 
ception due to degradation of balance characteristics 
can be curbed, thus making it possible to achieve a high- 
performance communication device. 
[0327] Furthermore, in Embodiment 14, the transmis- 
sion filter 4003 and the reception filter 4006 are of un- 
balanced-balanced type, but instead thereof, the trans- 
mission filter 4003 and the reception filter 4006 may be 
of balanced type if the switch 4004 is of balanced type. 
Even in this case, a high-performance communication 
device can be achieved by adding a reactance element 
to the transmission filter 4003 and the reception filter 
4006 to improve balance characteristics. 
[0328] Also, if the switch 4004 is of balanced type, and 
the transmission amplifier 4002 or the reception ampli- 
fier 4007 is of unbalanced type, a similar effect can be 
achieved by changing places between balanced type 
and unbalanced type input/outputterminals of the trans- 
mission filter 4003 or the reception filter 4006. 
[0329] Also, in the communication device 4001, the 
switch 4004 is used as means of switching between 
transmission and reception, but instead thereof, a 
shared device may be used. 

[0330] Communication devices using the surface 
acoustic wave filter and the balanced type filter of the 
present invention include cellular phone terminals, PHS 



terminals, earphone terminals, radiostationsforcellular 
phones and wireless installations to conduct communi- 
cations by radio. In short, the communication device of 
the present invention may be any device of conducting 
5 communications using high frequency signals, wherein 
the surface acoustic wave filter of the present invention 
is used in part of the circuit allowing functions of the de- 
vice to be achieved. 

[0331] As apparent from what has been described 
10 above, the present invention has an advantage that an 
surface acoustic wave filter, a balanced type filter and a 
communication device having better filter characteris- 
tics can be provided. 

15 

Claims 

1. An surface acoustic wave filter comprising: 

20 at least first to third IDT electrodes arranged 

substantially in the direction of propagation of 
surface acoustic waves, each constituted by a 
pair of opposing comb electrodes placed on a 
piezoelectric substrate, 

25 

wherein of said first to third IDT electrodes, 
(1) said first IDT electrode with the other IDT elec- 
trodes located on its both sides has one of its comb 
electrodes connected to one of first balanced type 

30 terminals, and the other comb electrode connected 
to the other of said first balanced type terminals, (2) 
said second IDT electrode of the other IDT elec- 
trodes has a signal inputted to or outputtedf rom one 
of its comb electrodes through a leading electrode, 

35 and (3) said third IDT electrode of the other IDT 
electrodes has a signal inputted to or outputted 
from, through a leading electrode, one of its comb 
electrodes located on the side opposite to the one 
comb electrode of said second IDT electrode. 

40 

2. The surface acoustic wave filter according to claim 
1 , comprising: 

a first reflector electrode located on the side of 
45 said second IDT electrode with respect to said 

first IDT electrode; and 

a second reflector electrode located on the side 
of said third IDT electrode with respect to said 
first IDT electrode, 

50 

wherein said at least first to third IDT elec- 
trodes are placed between said first reflector elec- 
trode and said second reflector electrode, and 

said leading electrode for inputting a signal to 
55 or outputting a signal from the one comb electrode 
of said second IDT electrode and said leading elec- 
trode for inputting a signal to or outputting a signal 
from the one comb electrode of said third IDT elec- 
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trade are connected to each other, and are connect- 
ed to unbalanced type terminal. 

3. The surface acoustic wave filter according to claim 

2, wherein the other comb electrode of said second 5 
IDT electrode is grounded, and 

the other comb electrode of said third IDT 
electrode is grounded. 

4. The surface acoustic wave filter according to claim 10 
1 , wherein said one comb electrode of said second 
IDT electrode is connected to one of second bal- 
anced type terminals, and 

said one comb electrode of said third IDT 
electrode is connected to said one of said second '5 
balanced type terminals. 

5. The surface acoustic wave filter according to claim 

3, 

wherein said first and second reflector electrodes 20 
are grounded, and 

the other electrode of said second IDT elec- 
trode is grounded by being connected to said first 
reflector electrode, and 

the other electrode of said third IDT electrode 25 
is grounded by being connected to said second re- 
flector electrode. 

6. The surface acoustic wave filter according to.claim 

3, wherein said first and second reflector electrodes 30 
are connected to said unbalanced type terminal, 
and 

the one electrode of said second IDT elec- 
trode is connected to said unbalanced type terminal 
by being connected to said first reflector electrode, 35 
and 

the one electrode of said third IDT electrode 
is connected to said unbalanced type terminal by 
being connected to said second reflector electrode. 

40 

7. The surface acoustic wave filter according to claim 
3, wherein said first reflector electrode and/or said 
second reflector electrode have divided into at least 
two segmented reflector electrodes. 

45 

8. The surface acoustic wave filter according to claim 

7, wherein the segmented reflector electrode adja- 
cent to said second and/or third IDT electrode, of 
said at least two segmented reflector electrodes, is 
directly grounded or grounded through the other so 
segmented reflector electrode. 

9. The surface acoustic wave filter according to claim 

8, wherein (1 ) said first reflector electrode is divided, 

the other electrode of said second IDT electrode is 55 
grounded by being connected to the grounded seg- 
mented reflector electrode of said segmented re- 
flector electrodes constituting said first reflector 



electrode, and 

(2) said second reflector electrode is divided, 
the other electrode of said third IDT electrode is 
grounded by being connected to the grounded seg- 
mented reflector electrode of said segmented re- 
flector electrodes constituting said second reflector 
electrode. 

10. The surface acoustic wave filter according to claim 
9, wherein (1 ) said first reflector electrode is divided, 
the one electrode of said second IDT electrode is 
connected to the non-grounded segmented reflec- 
tor electrode of said segmented reflector electrodes 
constituting said first reflector electrode, and said 
segmented reflector electrode with the one elec- 
trode of the second IDT electrode connected there- 
to is connected to said unbalanced type terminal, 
and 

(2) said second reflector electrode is divided, 
the one electrode of said third IDT electrode is con- 
nected to the non-grounded segmented reflector 
electrode of said segmented reflector electrodes 
constituting said second reflector electrode, and 
said segmented reflector electrode with the one 
electrode of the third IDT electrode connected 
thereto is connected to said unbalanced type termi- 
nal. 

1 1 . The surface acoustic wave filter according to claim 
7, wherein (1 ) said first reflector electrode is divided 
into said at least two segmented reflector elec- 
trodes, at least two segmented reflector electrodes 
of the segmented reflector electrodes have mutual- 
ly different pitches of electrode fingers, and 

(2) said second reflector electrode is divided 
into said at least two segmented reflector elec- 
trodes, at least two segmented reflector electrodes 
of the segmented reflector electrodes have mutual- 
ly different pitches of electrode fingers. 

12. The surface acoustic wave filter according to claim 
7, wherein (1 ) said first reflector electrode is divided 
into said at least two segmented reflector elec- 
trodes, at least two segmented reflector electrodes 
of the segmented reflector electrodes have mutual- 
ly different metallization ratios, and 

(2) said second reflector electrode is divided 
into said at least two segmented reflector elec- 
trodes, at least two segmented reflector electrodes 
of the segmented reflector electrodes have mutual- 
ly different metallization ratios. 

13. The surface acoustic wave filter according to claim 
7, wherein (1 ) said first reflector electrode is divided 
into said at least three segmented reflector elec- 
trodes, not all the intervals between two neighbor- 
ing segmented reflector electrodes of said seg- 
mented reflector electrodes are equal, and 
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(2) said second reflector electrode is divided 
into said at least three segmented reflector elec- 
trodes, not all the intervals between two neighbor- 
ing segmented reflector electrodes of said seg- 
mented reflector electrodes are equal. 

1 4. The surface acoustic wave filter according to claim 
7, wherein said the segmented reflector electrodes 
is divided in the crossing direction to the direction 
in which said first to third IDT electrodes are ar- 
ranged. 

15. The surface acoustic wave filter according to claim 
14, wherein (1) said first reflector electrode is divid- 
ed into said at least two segmented reflector 
electrodes , one electrode of said second IDT elec- 
trode is connected to said segmented reflector elec- 
trode constituting said first reflector electrode, and 
said segmented reflector electrode with the one 
electrode of the second IDT electrode connected 
thereto is connected to said unbalanced type termi- 
nal, and 

(2) said second reflector electrode is divided 
into said at least two segmented reflector elec- 
trodes, one electrode of said third IDT electrode is 
connected to said segmented reflector electrode 
constituting said second reflector electrode, and 
said segmented reflector electrode with the one 
electrode of the third IDT electrode connected 
thereto is connected to said unbalanced type termi- 
nal. 

16. The surface acoustic wave filter according to claim 
14, wherein (1) said first reflector electrode is divid- 
ed into said at least two segmented reflector elec- 
trodes, the other electrode of said second IDT elec- 
trode is connected to said segmented reflector elec- 
trode constituting said first reflector electrode, and 
said segmented reflector electrode with the one 
electrode of the second IDT electrode connected 
thereto is grounded, and 

(2) said second reflector electrode is divided 
into said at least two segmented reflector elec- 
trodes, the other electrode of said third IDT elec- 
trode is connected to said segmented reflector elec- 
trode constituting said second reflector electrode, 
and said segmented reflector electrode with the one 
electrode of the third IDT electrode connected 
thereto is grounded. 

1 7. The surface acoustic wave filter according to claim 
14, wherein (1) said first reflector electrode is divid- 
ed into said at least two segmented reflector elec- 
trodes, the segmented reflector electrode adjacent 
to said second I DT electrode, of said segmented re- 
flector electrodes constituting said first reflector 
electrode, is further divided into two or more later- 
ally segmented reflector electrodes in the direction 



orthogonal to the direction in which said first to third 
IDT electrodes are arranged, and 

(2) said second reflector electrode is divided 
into said at least two segmented reflector elec- 

5 trades, the segmented reflector electrode adjacent 
to said third IDT electrode, of said segmented re- 
flector electrodes constituting said second reflector 
electrode, is further divided into two or more later- 
ally segmented reflector electrodes in the direction 

10 orthogonal to the direction in which said first to third 
IDT electrodes are arranged. 

18. The surface acoustic wave filter according to claim 
1 7, wherein (1 ) said first reflector electrode is divid- 

15 ed into said at least two segmented reflector elec- 
trodes and the segmented reflector electrode adja- 
cent to said second IDT electrode is further divided 
into said two or more lateral segmented reflector 
electrodes, some of the lateral segmented reflector 

20 electrodes are connected to said unbalanced type 
terminal, and 

(2) if said second reflector electrode is divided 
into said at least two segmented reflector elec- 
trodes, and the segmented reflector electrode ad- 

25 jacent to said third IDT electrode is further divided 
into said two or more lateral segmented reflector 
electrodes, some of the lateral segmented reflector 
electrodes are connected to said unbalanced type 
terminal. 

30 

19. The surface acoustic wave filter according to claim 
1 7, wherein (1 ) said first reflector electrode is divid- 
ed into said at least two segmented reflector elec- 
trodes, and the segmented reflector electrode ad- 

35 jacent to said second IDT electrode is further divid- 
ed into said two or more lateral segmented reflector 
electrodes, some of the lateral segmented reflector 
electrodes are grounded, and 

(2) said second reflector electrode is divided 

40 into said at least two segmented reflector elec- 
trodes and the segmented reflector electrode adja- 
cent to said third IDT electrode is further divided into 
said two or more lateral segmented reflector elec- 
trodes, some of the lateral segmented reflector 

45 electrodes are grounded. 

20. The surface acoustic wave filter according to claim 
3, wherein one or more surface acoustic wave res- 
onators are connected to said unbalances type ter- 

50 minal in series and/or in parallel. 

21 . The surface acoustic wave filter according to claim 
1 , the surface acoustic wave filter having a function 
to convert the unbalanced type into the balanced 

55 type or convert the balanced type into the unbal- 
anced type. 

22. The surface acoustic wave filter according to claim 



33 



EP1 2631 37 A2 



1 , comprising: 

a first filter track having (1) a fourth IDT elec- 
trode with other IDT electrodes located on its 
both sides, (2) a fifth IDT electrode of the other 
IDT electrodes having a signal inputted to or 
outputted from one of its comb electrodes 
through a leading electrode, and (3) a sixth IDT 
electrode of the other IDT electrodes located 
on the side opposite to said fifth IDT electrode 
having a signal inputted to or outputted from 
one of its comb electrodes through a leading 
electrode, the fourth to sixth IDT electrodes be- 
ing arranged in the direction of propagation of 
said surface acoustic wave, each constituted 
by a pair of opposing comb electrodes placed 
on said piezoelectric substrate; and 
a second filter track having said first IDT elec- 
trode, said second IDT electrode and said third 
IDT electrode, 

wherein said first filter track and said second 
filter track are connected to each other in cascade, 

said leading electrode for inputting a signal to 
or outputting a signal from the one comb electrode 
of said second IDT electrode and said leading elec- 
trode for inputting a signal to or outputting a signal 
from the one comb electrode of said fifth IDT elec- 
trode are connected to each other, and 

said leading electrode for inputting a signal to 
or outputting a signal from the one comb electrode 
of said third IDT electrode and said leading elec- 
trode for inputting a signal to or outputting a signal 
from the one comb electrode of said sixth IDT elec- 
trode are connected to each other. 

23. The surface acoustic wave filter according to claim 
22, wherein the one comb electrode of said fifth IDT 
electrode is located on the side same as that of the 
one comb electrode of said sixth IDT electrode. 

24. The surface acoustic wave filter according to claim 
22, wherein the one comb electrode of said fifth IDT 
electrode is located on the side opposite to the one 
comb electrode of said sixth IDT electrode. 

25. The surface acoustic wave filter according to claim 
22, wherein the one comb electrode of said fourth 
IDT electrode is connected to an unbalanced type 
terminal. 

26. The surface acoustic wave filter according to claim 
25, wherein the one comb electrode of said fourth 
IDT electrode is located opposite to said second fil- 
ter track. 

27. The surface acoustic wave filter according to claim 
22, wherein the other comb electrode of said sec- 



ond IDT electrode is grounded, 

the other comb electrode of said third IDT 
electrode is grounded, 

the other comb electrode of said fifth I DT elec- 
5 trade is grounded, and 

the other comb electrode of said sixth IDT 
electrode is grounded. 

28. The surface acoustic wave filter according to claim 
10 22, wherein (1 ) the phase in which a signal is input- 
ted to or outputted from the one comb electrode of 
said second IDT electrode is substantial opposite 
to (2) the phase in which a signal is inputted to or 
outputted from the one comb electrode of said third 

'5 IDT electrode. 

29. The surface acoustic wave filter according to claim 
22, wherein (1) the reactance component of wiring 
for connecting the leading electrode for inputting a 

20 signal to or outputting a signal from the one comb 
electrode of said second IDT electrode to the lead- 
ing electrode for inputting a signal to or outputting 
a signal from the one comb electrode of said fifth 
IDT electrode is substantially equal to (2) the reac- 
ts tance component of wiring for connecting the lead- 
ing electrode for inputting a signal to or outputting 
a signal from the one comb electrode of said third 
IDT electrode to the leading electrode for inputting 
a signal to or outputting a signal from the one comb 
30 electrode of said sixth IDT electrode. 

30. The surface acoustic wave filter according to claim 
22, wherein one comb electrode of said fourth IDT 
electrode is connected to one of second balanced 

35 type terminals, and 

the other comb electrode of said fourth IDT 
electrode is connected to the other of said second 
balanced type terminals. 

40 31 . The surface acoustic wave filter according to claim 
22, comprising: 



a first reflector electrode located on the side of 
said second IDT electrode with respect to said 
45 first IDT electrode; 

a second reflector electrode located on the side 
of said third IDT electrode with respect to said 
first IDT electrode; 

a third reflector electrode located on the side of 
50 said fifth IDT electrode with respect to said 

fourth IDT electrode; and 
a fourth reflector electrode located on the side 
of said sixth IDT electrode with respect to said 
fourth IDT electrode, 

55 

wherein said at least first to third IDT elec- 
trodes are placed between said first reflector elec- 
trode and said second reflector electrode, and 
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said at least fourth to sixth IDT electrodes are 
placed between said third reflector electrode and 
said fourth reflector electrode. 

32. The surface acoustic wave filter according to claim 5 
22, wherein at least one of said first to sixth IDT 
electrodes is divided into a plurality of segmented 
IDT electrodes, 

all or part of the comb electrodes located on 
one side, of the comb electrodes of said plurality of '0 
segmented IDT electrodes, are electrically connect- 
ed together, and 

all or part of the comb electrodes located on 
the other side, of the comb electrodes of said plu- 
rality of segmented IDT electrodes, is electrically is 
connected together. 

33. The surface acoustic wave filter according to claim 
32, wherein at least one of said first to sixth IDT 
electrodes is divided into two or three segmented 20 
IDT electrodes. 

34. The surface acoustic wave filter according to claim 
22, wherein the central pitch of neighboring elec- 
trode fingers of a pair of said opposing comb elec- 25 
trades has a value substantially in the range of from 

0.9 x 7J2 to 1.1 x 7J2 with respect to the central 
frequency X of the surface acoustic wave filter. 

35. An surface acoustic wave filter, comprising: so 

a first IDT electrode constituted by a pair of op- 
posing comb electrodes placed on a piezoelec- 
tric substrate, with one of the comb electrodes 
connected to one of first balanced type termi- 35 
nals; and 

a second IDT electrode constituted by a pair of 
opposing comb electrodes placed on said pie- 
zoelectric substrate, with one of the comb elec- 
trodes connected to one of second balanced 40 
type terminals or an unbalanced type terminal, 

wherein a reactance element is connected 
between the one comb electrode of said first IDT 
electrode and the one comb electrode of said sec- 45 
ond IDT electrode. 

36. The surface acoustic wave filter according to claim 
35, further comprising: 

a third I DT electrode constituted by a pair of op- 
posing comb electrodes placed on said piezo- 
electric substrate, with one of the comb elec- 
trodes connected to said unbalanced type ter- 
minal, 55 

wherein said first to third IDT electrodes are 
arranged substantially in the direction of propaga- 



68 

tion of the surface acoustic wave so that said sec- 
ond IDT electrode is located on the side opposite to 
said third IDT electrode with respect to said first IDT 
electrode, and 

theothercomb electrode of said first IDT elec- 
trode is connected to the other of said first balanced 
type terminals. 

37. The surface accoustic wave filter according to claim 
36, 

wherein a reactance element is connected 
between the one comb electrode of said first IDT 
electrode and the one comb electrode of said third 
IDT electrode. 

38. The surface acoustic wave filter according to claim 
37, wherein the one comb electrode of said second 
IDT electrode is located on the side opposite to the 
one comb electrode of said third IDT electrode with 
respect to the first to third IDT electrodes arranged 
substantially in the direction of propagation of said 
surface acoustic wave. 

39. The surface acoustic wave filter according to claim 
35, further comprising: 

a third IDT electrode constituted by a pair of op- 
posing comb electrodes placed on said piezo- 
electric substrate, with one of the comb elec- 
trodes connected to the other of said first bal- 
anced type terminals, 

wherein said first to third IDT electrodes are 
arranged substantially in the direction of propaga- 
tion of the surface acoustic wave so that said first 
IDT electrode is located on the side opposite to said 
third IDT electrode with respect to said second IDT 
electrode. 

40. The surface accoustic wave filter according to claim 
39, 

wherein a reactance element is connected 
between the one comb electrode of said first IDT 
electrode and the one comb electrode of said third 
IDT electrode. 

41 . The surface accoustic wave filter according to claim 
35, comprising (1) a first surface accoustic wave 
resonator, having said first IDT electrode, and two 
reflector electrodes with said first IDT electrodes lo- 
cated therebetween, and (2) a second surface ac- 
coustic wave resonator, having said second IDT 
electrode, and two reflector electrodes with said 
second IDT electrodes located therebetween, 

wherein said first surface accoustic wave res- 
onator and second surface accoustic wave resona- 
tor are connected in a ladder form. 
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42. The surface acoustic wave filter according to claim 
35, wherein a parallel resonance circuit with the res- 
onance frequency set in the pass band is formed by 
parasitic components existing between said unbal- 
anced type terminal and said balanced type termi- 
nal, and said reactance element. 

43. The surface acoustic wave filter according to claim 
35, wherein said reactance element is an induct- 
ance. 



IDT electrode is divided into a first divided comb 
electrode and a second divided comb electrode, 

said first divided comb electrode is connected 
to the one of said first balanced type terminals, and 
5 said second divided comb electrode is con- 

nected to the other of said first balanced type ter- 
minals. 



44. The surface acoustic wave filter according to claim 
35, wherein said piezoelectric substrate has an ef- 
fective relative dielectric constant of 40 or greater. 

15 

45. The surface acoustic wave filter according to claim 
35, wherein said piezoelectric substrate is made by 
using lithium tantalate or lithium niobate. 

46. A balanced type filter comprising an unbalanced 20 
type terminal and a balanced type terminal, wherein 

at least one predetermined reactance element is 
connected between said unbalanced type terminal 
and said at least one of balanced type terminals. 

25 

47. The balanced type filter according to claim 46, 
wherein a parallel resonance circuit with the reso- 
nance frequency set in the pass band is formed by 
parasitic components existing between said unbal- 
anced type terminal and said balanced type termi- 30 
nal, and said reactance element. 



48. A communication device comprising: 



transmission/reception means of performing 35 
transmission and/or reception; and 
the surface acoustic wave filter according to 
claim 1 or 35 or the balanced type filter accord- 
ing to claim 46 filtering a send signal to be used 
in said transmission and/or a receive signal to 40 
be used in said reception. 

49. The surface accoustic wave filter according to claim 
35, further comprising: 

45 

a third I DT electrode constituted by a pair of op- 
posing comb electrodes placed on said piezo- 
electric substrate, with one of the comb elec- 
trodes connected to said unbalanced type ter- 
minal, 50 

wherein said first to third IDT electrodes are 
arranged substantially in the direction of propaga- 
tion of the surface accoustic wave so that said sec- 
ond IDT electrode is located on the side opposite to 55 
saidthird IDT electrode with respectto said first IDT 
electrode, 

said one of the comb electrodes of said first 
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Fig. 2(A) 
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Fig. 16(A) 
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Fig. 19(A) 
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Fig. 20(A) 
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Fig. 28 (A) 
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Fig. 29(A) 
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Fig. 31(A) 
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Fig. 35 
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Fig. 41(A) 
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